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1.0  INTRODUCTION 


The  Oklahoma  State  University  (OSU)  Electronics  Laboratory  has  developed 
a  microcomputer  based  trajectory  determination  system  called  Tradat  V  (short 
for  Trajectory  Data) .  The  Tradat  V  system  (Figures  1  and  2)  is  used  in  con¬ 
junction  with  an  automatic  tracking  antenna  system  such  as  the  OSU  developed 
Tratel  (References  1  and  2)  or  Minitracker  (Reference  3)  system.  The  automatic 
tracking  antenna  provides  the  Azimuth  and  Elevation  angles  to  the  vehicle. 
Tradat  V  provides  the  following: 

1.  Slant  range  in  Km  using  a  PCM  ranging  system. 

2.  A  serial  PCM  trajectory  code  (for  tape  recording)  containing: 

a.  Time 

b.  Status  indicators 

c.  Raw  spherical  coordinate  data  (Azimuth,  Elevation,  and 

Slant  Range) 

3.  A  microcomputer  printout  containing: 

a.  Time 

b.  Status  indicators 

c.  Computed  ellipsoidal  Earth  coordinate  data  (Mean  sea  level 

altitude,  ground  range,  distance  North,  and  distance 
East  or  mean  sea  level  altitude,  vehicle  latitude, 
and  vehicle  longitude.) 

d.  Spherical  coordinate  data  referenced  to  one  of  three 

selectable  data  origin  sites  (Tracker  site,  site  1, 
or  site  2.) 

The  Tradat  V  system  was  designed  to  be  a  lightweight,  relatively  in¬ 
expensive  means  of  providing  trajectory  data  for  vehicles  such  as  sounding 
rockets  or  balloons  which  are  launched  at  remote  launch  sites  where  radar 
sets  are  not  readily  available.  Tradat  V  is  the  latest  in  a  series  of  tra¬ 
jectory  system  developments  at  OSU  which  were  begun  more  than  15  years  ago. 
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Figure  2.  Tradat  Block  Diagram 
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2.0  TRAJECTORY  SYSTEM 

The  Tradat  V  console  may  he  thought  of  as  two  major  functional  systems  as 
follows : 

1.  Trajectory  System 

a.  Ranging  System  -  Provides  BCD  range  in  Km. 

b.  Trajectory  Data  Coder  -  Provides  serial  PCM  code  of  tra¬ 
jectory  data  for  recording. 

2.  Microcomputer  System  -  Provides  a  real-time  or  post-flight 

printout  of  computed  trajectory  data. 

2.1  Electrical  Description 

2.1.1  Theory  of  Operation 

Deriving  the  range  involves  the  generation  of  a  crystal-controlled  16-bit 
PCM  code  which  is  synchronized  with  the  start  pulse  to  the  time  interval  counter. 
(Refer  to  Figures  1  and  2  for  a  photograph  and  block  diagram  of  the  Tradat  V 
system).  This  code  modulates  a  ranging  transmitter  which  transmits  the  code  to 
an  airborne  receiver.  In  FM/FM  airborne  systems  the  detected  code  from  the 
receiver  is  used  to  modulate  an  IRIG  channel  18  (70  KHz)  subcarrier  oscillator 
(SCO).  This  subcarrier  is  mixed  with  the  data-bearing  subcarriers  and  used  to 
modulate  the  airborne  transmitter.  In  PCM  airborne  systems  the  detected  code 
from  the  receiver  is  filtered  by  a  lowpass  filter  and  mixed  with  the  PCM  telemetry 
data.  The  mixed  ranging  PCM  code  and  telemetry  PCM  code  is  used  to  modulate  the 
airborne  transmitter.  (For  best  ranging  accuracy  Tradat  should  be  used  only  with 
biphase  PCM  telemetry  codes  with  bit  rates  greater  than  200  KBPS.)  The  RF  tele¬ 
metry  signal  is  received  by  a  tracker  and  the  receiver  video  output  is  cabled 
into  Tradat  where  the  ranging  code  is  retrieved  from  the  telemetry  data  by 
a  channel  18  discriminator  (when  used  with  FM/FM  systems)  or  by  a  lowpass  filter 
(when  used  with  PCM  systems).  The  retrieved  PCM  ranging  code  is  stabilized  and 
reshaped  in  the  bit  synchronizer  which  also  produces  a  stable  bit  clock.  With 
a  S/N  of  20  db  the  bit  sync  can  provide  a  code  jitter  of  less  than  +  .050  Km  RMS. 
The  received  ranging  code  is  decoded  to  produce  a  stop  pulse  to  the  interval 
counter.  The  interval  counter  averages  ten  start-stop  pulses  at  each  tenth  of  a 
second  and  provides  a  front  panel  range  readout  in  kilometers  to  the  nearest 
.010  kilometer. 

The  Tradat  V  chassis  also  contains  a  trajectory  data  coder  which  converts 
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the  parallel  BCD  time.  Azimuth  (Az) ,  Elevation  (El),  range  and  status  indicator 
bits  to  a  1  Kbps  biphase-level  PCM  code.  The  microcomputer  in  the  Tradat  V 
chassis  computes  ellispoidal  Earth  coordinate  data  from  the  raw  spherical  co¬ 
ordinate  data. 

2.1.2  Ranging  Code  Generator  and  Sync  Detector  Card  (OSU 
Drawing  C95GE02) 

The  ranging  code  generator  (Figure  3)  produces  the  start  pulse  and  the  up¬ 
link  PCM  ranging  code.  A  stable  4  MHz  crystal  oscillator  is  counted  down  to  1 
MHz  in  IC  123  and  entered  into  a  12-bit  binary  bit  counter  (IC103).  The  bit 
counter  provides  the  3906.25  Hz  bit  clock  to  the  frame  count'"" ,  and  is  inverted 
by  IC111D  to  provide,  an  inverted  clock  to  the  frame  sync  generator  and  to  the 
optional  external  command  system.  The  frame  sync  generator  uses  a  shift  re¬ 
gister  (IC113)  to  produce  the  NRZ-L  serial  PCM  frame  sync  code  and  then  uses 
IC111A  to  convert  the  code  to  Biphase-Level.  The  frame  counter  consists  of  a 
minor  frame  counter  (1C109)  and  a  major  frame  counter  (IC110A,  102,  and  1 12 A) . 

There  are  four  16-bit  minor  frames  per  major  frame  with  a  7-bit  minor  frame 
sync,  1011000(1).  The  bit  in  parentheses  is  the  major  frame  indicator  and 
indicates  a  "1"  every  fourth  minor  frame.  The  last  8  bits  of  each  minor  frame 
are  normally  all  "zeros"  unless  the  command  option  is  added,  and  then  the  last 
8  bits  of  the  four  minor  frames  may  consist  of  command  data.  The  minor  frame 
sync  from  the  frame  counter  is  used  to  provide  a  parallel  enter  to  the  shift 
register,  thus  restarting  the  cycLe. 

The  minor  frame  svnc  also  resets  the  bit  counter  to  synchronize  the  start 
pulse  with  the  PCM  code.  There  is  a  start  pulse  associated  with  each  minor 
frame  such  that  a  range  of  613.98  Km  (4.096  msec)  may  be  reached  with  no  ambiguity. 
The  start  pulse  may  be  delayed  to  any  point  in  the  minor  frame  by  selecting  via 
front  panel  pushbutton  switches  either  the  inverted  (Q)  or  non-inverted  (Q) 
outputs  of  the  L2-bit  binary  bit  counter  as  the  input  of  a  12  input  AND  gate 
(IC106  and  IC107).  The  bit  counter  outputs  are  inverted  by  IC104  and  1C105. 

A  fine  delay  adjustment  may  be  made  by  varying  the  pulse  width  of  a  one-shot 
multivibrator  (IC.108A)  following  the  AND  gate.  The  interval  counter  is  started 

by  the  trailing  edge  of  t hi s  one-shot  output.  This  delay  technique  is  necessary 
to  allow  the  range  to  be  Initialized  for  loop  delav  variations  inherent  in 
different  telemetrv  *•.  /stem  set-ups. 

Alternate  major  frames  of  the  PCM  ranging  code  are  inverted  after  two  minor 
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frames  by  IC111B  so  that  the  frame  sync  detector  is  polarity  independent  and 
also  to  reduce  range  variations  when  the  command  option  is  used.  The  PCM  code 
is  then  filtered  in  a  5-  pole  lowpass ,  premodulation  rilter  ( I C 1 14)  before  it 
is  used  to  modulate  the  uplink  ranging  transmitter. 

The  PCM  ranging  code  is  received  and  retransmitted  in  the  airborne  package 
as  described  in  the  previous  section.  Front  panel  pushbutton  switches  select 
either  the  receiver  video  for  PCM  telemetry  systems  or  the  discriminator  oupput 
for  FM/FM  telemetry  systems.  The  selected  signal  is  fed  into  the  Bit  Sync  Card 
where  it  is  filtered  and  conditioned.  A  stable  bit  clock  is  also  reproduced  by 
the  Bit  Sync  Card. 

The  conditioned  range  code  and  reproduced  bit  clock  are  fed  to  the  Sync 
Detector  (Figure  3)  part  of  the  Ranging  Code  Generator  and  Sync  Detector  Card. 
The  inverted  major  frame  of  the  conditioned  data  is  reinverted  by  1C111C  and 
IC112B  to  produce  all  non-inverted  data.  The  serial  PCM  frame  sync  code  is 
converted  to  parallel  by  IC118  and  IC119  and  fed  into  the  sync  detector. 

IC118  functions  as  a  delay  circuit.  The  minor  frame  sync  is  detected  by  IC101, 
IC120,  IC117,  and  IC121A.  The  minor  frame  sync  is  used  as  the  stop  pulse  to  the 
interval  counter.  The  major  frame  sync  is  detected  by  using  the  minor  frame 
sync  and  the  major  frame  indicator  bit  in  IC110B,  1C121B,  and  IC121C.  The  major 
frame  sync  is  used  in  the  major  frame  inverter  to  provide  all  non-inverted  data. 
The  sync  detector  also  provides  command  blanking  to  the  optional  command  console 

2.1.3  Bit  Sync  Card  (OSli  Drawing  C95GE06) 

Tiie  range  code  input  to  the  Bit  Sync  Card  (Figure  4)  is  selected  from 
either  the  receiver  "VIDEO"  in  PCM  telemetry  systems  or  from  the  discriminator 
("DISC")  output  in  FM/FM  telemetry  systems  by  means  of  front  panel  pushbutton 
switches.  The  range  code  is  filtered  in  a  custom  designed  3-pole  Jowpass 
filter  (IC602)  and  then  conditioned  by  IC603  and  IC604A  to  provide  a  square 
wave  input  to  the  sync  detector  on  the  Ranging,  Code  Generator  and  Sync  Detector 
card.  The  hit  clock  is  reproduced  by  using  IC604B  to  produce  positive  pulses 
at  each  code  transition  and  using  these  pulses  to  drive  a  one-shot  clock 
(IC605A).  Another  one-shot  clock  (ICA03B)  is  used  to  make  the  clock  symmetrical 
This  reproduced  clock  is  used  to  drive  a  phaselock  loop  (pu,  ,  1C607)  which 
produces  a  stabilized  bit  clock.  A  two  stage  active  loop  filter  (1CS06)  is 
utilized  to  provide  optimum  lock  charuoterist its .  A  1  MHz  voltage-controlled 
crystal  oscillator  (VCXO)  was  used  to  provide  stability  and  a  narrow  bandwidth. 
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A  rocket  with  a  velocity  of  2  Km/sec  gives  a  bit  clock  slew  rate  of  13.3 
microseconds/second.  The  VCXO  bandwidth  is  set  greater  than  +50  Hz  to  provide 
a  slew  rate  greater  than  50  microseconds/second.  This  is  at  least  3.75  rime- 
faster  than  the  slew  rate  caused  by  the  rocket  velocity.  The  PLL  slew  rate 
allows  a  fast  lock  and  accurate  loop  tracking.  The  PLL  lock  rate  allows  a 
maximum  acquisition  time  of  less  than  2.5  seconds  to  lock  on  a  stationary  tarp.et  . 
The  VCXO  output  is  divided  down  to  3906.25  Hz  in  IC608  and  fed  into  one  input 
of  an  exclusive  "OR"  gate  (IC601B),  with  differentiated  PLL  phase  pulses  fed 
into  the  other  input.  This  gate  output  then  enters  the  PLL  phase  comparator 
where  it  is  compared  with  the  reproduced  bit  clock  to  provide  the  correction 
voltage  through  the  loop  filter  to  the  VCXO.'  The  3906  BPS  divider  output  is 
adjusted  270°  in  phase  using  IC604C  and  IC604D  in  order  to  have  the  proper  phase 
relationship  with  the  conditioned  data.  The  conditioned  range  code  and  re¬ 
produced  bit  clock  and  double  bit  clock  are  fed  into  the  sync  detector  part  of 
the  Ranging  Code  Generator  and  Sync  Detector  Card. 

The  phaselock  loop  is  adjusted  so  that  the  free  running  VCXO  frequency 
matches  the  range  code  generator's  crystal  oscillator.  The  loop  bandwidth  is 
adjusted  to  at  least  +50  Hz  and  not  more  than  +70  Hz.  The  adjustment  involves 
monitoring  the  correction  voltage  at  pin  9  of  IC607  and  the  VCXO  frequency  at 
pin  4  of  IC607  and  adjusting  potentiometers  R616  and  R621  at  the  top  of  the 
wire-wrap  card.  The  adjustments  are  made  as  follows: 

1.  Measure  the  frequency  (F  )  of  the  crystal  oscillator  on  the  Ranging 
Code  Generator  and  Sync  Detector  Card  at  pin  10  of  IC103. 

(F  =  1,000,000  Hz  nominal) 

G 

2.  Adjust  R616  until  the  correction  voltage  equals  +12v  (V^,  =  +12v)  . 

3.  Adjust  R621  until  the  VCXO  frequency  (F  )  is  50  Hz  higher  than  F 

X  G 


(fxh-  fg  +  50>- 

4.  Adjust  R616  until  V  =0  nominal. 

c  v 

5.  Measure  F  (Fx  =  F^) . 

6.  Calculate  the  loop  bandwidth  U'BW) 

V2  ■  (FXH  -  fXL>/2 

7.  Adjust  R616  unitl  V^  =  +12v. 

8.  Adjust  R621  until  =  F{,  +  F^/2 
be  adjusted,  but  never  more  than  F^  +  70). 

9.  Adjust  R616  until  V  =  0V  nominal. 


and  divide  by  two. 


(or  the  maximum  to  which  it  can 


Wj 
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10.  Measure  F  (F  =  F  )  to  verify  that  50  Hz<(F  -  F  )<  70  Hz. 

X  X  XL  G  XL 

11.  If  F  <  +  50  Hz,  reduce  the  value  of  the  range  adjust  resistor 

HW 

(R619)  to  increase  the  loop  bandwidth  and  repeat  steps  2  through  10. 

12.  Adjust  R613  until  F  =  F  . 

X  G 

The  last  adjustment  centers  the  VCXO  frequency  in  the  loop  bandwidth. 

2.1.4  Time  Interval  Counter  Card  (OSU  Drawing  C95GE05) 

The  Time  Interval  Counter  Card  averages  ten  range  intervals  to  provide  an 
averaged  BCD  range  to  the  front  panel  display  and  to  the  Trajectory  Data  Coder. 

A  range  interval  is  defined  as  the  time  interval  between  a  start  pulse 
(corresponding  to  the  time  the  PCM  ranging  code  frame  sync  is  transmitted  up 
to  the  airborne  vehicle)  and  a  stop  pulse  (corresponding  to  the  time  the  PCM 
ranging  code  frame  sync  is  detected  in  the  ground  system  after  retransmission 
from  the  airborne  vehicle).  A  range  period  is  the  time  interval  (4.096  msec) 
between  one  start  pulse  and  the  next  start  pulse.  The  averaging  period  con¬ 
sists  of  ten  range  periods  centered  within  a  few  milliseconds  of  the  10  pps 
"on"  time  from  the  time  code  generator  so  that  the  range  entered  on  the  tra¬ 
jectory  data  code  lias  a  direct  time  correlation.  The  averaging  period  starts 
20  msec  before  the  10  pps  "on"  time  and  ends  approximately  20  msec  after  the 
10  pps  "on"  time.  Refer  to  Figures  5  and  6  for  the  Interval  Counter  Card 
block  diagram  and  waveforms.  (Numbers  in  parentheses  which  follow  refer  to  the 
waveforms  numbered  in  Figures  5  and  6.) 

The  averaging  period  starting  point  (2)  is  set  by  a  delay  circuit  (IC401 
and  IC402)  using  the  10  pps  and  1000  pps  clocks.  These  clocks  originate  in 
the  time  code  generator  but  are  reshaped  in  the  Trajectory  Data  Coder  Card. 

This  80  msec  delayed  pulse  allows  the  averaging  period  to  start  20  msec  before 
the  10  pps  "on"  time  and  is  conditioned  to  provide  an  inverted  (Q)  and  non- 
inverted  (Q)  pulse.  After  the  averaging  period  reset  by  IC40  3  (2)  opens  the 
averaging  period  gate  (IC408  and  IC407A) ,  ten  range  intervals  are  counted 
through  it  to  provide  an  averaging  period  (5)  of  40.96  msec.  The  averaging 
period  varies  in  length  up  to  +  4.096  msec  continuously  with  variations  in  the 
ten  range  interval  lengths  and  their  starting  point  in  the  averaging  period. 

This  variation  amounts  to  a  maximum  possible  range  error  of  less  than  .001  Km 

2 

for  a  rocket  acceleration  of  35  G's  (.344  Km/sec  ).  The  averaging  period  (5) 
opens  the  start  pulse  gate  (IC407B)  and  allows  ten  start  pulses  to  set  the  range 
interval  gate  (IC405)  which  is  reset  by  stop  pulses  to  form  the  range  intervals 
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(6)  .  The  Start  pulses  are  huffered  hy  IC404C  and  the  stop  pulses  are  buffered 

by  IC404B. 

An  oscillator  gate  (IC407C)  is  opened  by  the  ten  range?  intervals  (6) 
allowing  pulses  from  a  14.98965  MHz  crystal  oscillator  (1C404A  and  1C406B)  to 
enter  a  counter  (1C409-419).  The  crystal  frequency  was  chosen  such  that  the 
counter  BCD  output  is  equal  to  the  range  in  kilometers.  Since  ten  range 
intervals  are  counted,  the  counter  output  is  available  to  .001  Km;  however,  it 
is  used  to  only  .01  Km.  This  averaging  process  provides  a  more  stable  range 
readout.  The  counter  is  reset  by  the  averaging  period  reset  pulse  (2).  The 
counter  BCD  output  is  latched  (IC413-416)  by  the  data  enter  pulse  and  tiien 
entered  to  the  front  panel  display  and  to  the  Trajectory  Data  Coder  when  it 
receives  the  data  enter  pulse  (3)  generated  in  the  delay  circuit.  The  start 
pulse  conditioner  (IC406A)  receives  an  inhibit  pulse  (Q)  which  is  the  inverted 
averaging  period  reset  pulse.  This  inhibit  technique  prevents  the  possibility 
of  missing  any  counts  during  the  short  time  the  counter  is  being  reset. 

The  data  enter  pulse  (3)  from  the  delay  circuit  is  also  used  in  the  Tra¬ 
jectory  Data  Coder  card  to  parallel  enter  all  of  the  data.  The  data  enter  pulse 
is  delayed  32  msec  after  the  10  pps  "on”  time  in  the  delay  circuit  of  IC402  and 
conditioned  to  provide  an  inverted  (Q)  and  non-inverted  (Q)  output  by  1C403. 

The  delay  pulse  occurs  approximately  10  msec  aftet  the  end  of  the  averaging 
period.  The  inverted  data  enter  pulse  (Q)  is  used  in  the  Trajectory  Data  Coder 
to  correct  for  bit.  one  delay  in  timing,  caused  by  the  finite  length  of  t lie- 
data  enter  pulse. 

The  Az-El  inhibit  pulse  (4)  inhibits  the  Az-El  digital  displays  at  the  10 
pps  "on"  time.  The  10  pps  clock  to  the  Inhibit  circuit  is  inverted  by  IC404F 
and  sets  iC405.  The  inhibit  circuit  (IC405)  is  then  reset  by  the  inverted  80 
msec  delay  pulse  (Q)  from  the  delay  circuit.  The  data  enter  pulse  enters  the 
parallel  Az-El  BCD  data  into  the  Trajectory  Data  Coder  32  msec  after  the  10  pps 
"on"  time.  The  inhibit  pulse  allows  the  sampled  data  to  correspond  exactly 
with  the  "on"  time  from  the  time  code  generator. 

2.1.5  Trajectory  Data  Coder  Card  (DSU  Drawing  C95GE03) 

The  Trajectory  Data  Coder  (Figure  ">  formats  the  parallel  BCD  trajectory 
data  into  a  serial  PCM  data  stream  suitable  for  recording  on  magnetic  tape. 

The  100  bit  PCM  code  frame  consists  of  an  8  bit  frame  sync,  3  spare  bits,  9 
status  indicator  bits,  24  bims  for  time,  lb  bits  for  El  angle,  2  spare  bits. 


5  raTc/s  ma/caro/l  s 


18  bits  for  Az  angle,  and  20  bits  for  slant  range.  The  format  is  arranged  so 
that  five  "l's"  never  occur  in  sequence;  therefore,  the  frame  sync  pattern  of 
"11111011"  is  unique.  (Numbers  in  parentheses  which  follows  refer  to  the 
waveforms  numbered  in  Figure  7.) 

The  clock  pulses  to  the  Trajectory  Data  Coder  are  from  the  time  code 
generator  (1),  (3),  and  (5).  They  are  reshaped  by  the  clock  shaper  which  con¬ 
sists  of  one-shot  multivibrators  (IC205  and  IC204A).  The  10  pps  clock  (4)  is 
counted  by  a  4-bit  binary  counter  (IC203)  which  is  reset  by  the  1  pps  clock 
(2)  to  provide  BCD  time  for  each  .1  sec.  The  1000  pps  clock  (6)  is  used  as 
the  bit  clock  in  the  parallel-to-serial  shift  register  (IC206-218).  Tie  re¬ 
shaped  10  pps  (4)  and  1000  pps  (6)  clocks  are  fed  to  the  time  inverval  counter 
card  where  they  are  used  to  generate  the  data  enter  pulses  (8,9).  The  data 
enter  pulses  enter  the  parallel  data  into  the  shift  registers.  The  data  enter 
pulses  are  delayed  32  msec  beyond  the  10  pps  "on"  time  to  allow  the  time 
interval  counter  enough  time  to  accomplish  the  range  averaging. 

The  1000  pps  bit  clock  is  made  symmetrical  (7)  in  the  bit  clock  shaper 
(IC204B)  and  used  with  the  NR2-L  code  from  the  paraliel-to-serial  shift  register 
to  convert  the  data  to  a  Biphase  Lever  PCM  code  (JC202).  A  dual  line  driver 
(IC201)  is  used  to  provide  the  trajectory  data  output  and  the  trajectory  data 
monitor.  The  inverted  data  enter  pulse  (O')  is  also  used  in  the  Line  driver  to 
correct  bit  one  timing  errors  due  to  tlu  delay  in  the  parallel  enter  pulse  to 
the  parallel-to-serial  shift  register.  The  line  driver  is  capable  of  providing 
250  ma  of  current.  The  trajectory  data  code  is  provided  on  BNC  jacks  on  the 
front  and  rear  panels  for  recording  on  magnetic  tape.  Tin;  trajectory  code  can 
also  be  selected  as  the  input  to  the  microcomputer  by  (  I ront  panel  pushbutton 
swi  tcii . 

Nine  status  indicators  are  also  included  in  the  PCM  code.  Six.  ot’  the  bits 
indicate  the  mode  (slave,  manual,  or  auto)  of  the  Az  anu  F.l  axes  of  the  tracking 
antenna  system  used  with  the  Tradat  V  system.  The  status  indications  are 
buffered  so  that  an  indication  is  given  by  any  voltage  between  +iv  and  +32v. 
Three  other  bits  may  be  used  as  flag  bits  to  indicate  such  events  as  rocket 
liftoff.  A  flag  indication  is  given  -y  a  switch  closure  between  the  flag  line 
and  its  return  line. 

2.1.6  FM  Discriminator 


A  Tri-Com  model  442P  d isciminator  with  a  70  KHz  model  442B  channel  selector 


and  a  4950  Hz  model  442  CA/ CD  lowpass  filter  ia  used  in  the  Tradat  V  chassis. 
The  disciminator  is  mounted  directly  in  the  Tradat  chassis  through  the  front 
panel.  The  video  from  the  RF  receiver  is  entered  into  the  discriminator  and 
the  discriminator  output  is  entered  into  the  Bit  Sync  card  when  the  "DISC" 
"Input  Source"  switch  is  depressed  on  the  Tradat  console  front  panel. 

2.2  Physical  description 

The  Tradat  V  system  consists  of  the  following  components  (Refer  to  Figures 
1  and  2)  : 

1.  Time  code  generator/reader  (1  3/4"  rack  height). 

2.  Tradat  V  console  (5V  rack  height). 

3.  Transmitter  ( 3%"  rack  height  with  power  supply  mounted  in  rear  of 
cab inet ) . 

4.  Line  printer  (such  as  Anadex  Model  DP-8000). 

2.2.1  Chassis 

The  Tradat  V  chassis  consists  of  the  following  components  (Refer  to  Figure 
8  for  layout) : 

L.  Double  width  (9")  wire-wrap  plug-in  electronic  cards. 

a.  Ranging  Code  Generator  and  Sync  Detector 

b.  Trajectory  Data  Coder 

c.  Microcomputer 

2.  Single  width  (4.5")  wire-wrap  plug-in  electronic  cards. 

a.  Time  Interval  Counter 

b.  Program 

c.  Bit  Sync 

3.  Power  Supplies 

a.  +12  vdc  and  -5  vdc 

b .  +5  vdc 

4.  Tri-Corn  model  442-P  FM  discriminator 

a.  70  KHz  (channel  18)  channel  selector,  model  442B. 

b.  4950  Hz  lowpass  filter,  model  442CA/CD. 

2.2.2  Front  Panel 

The  front  panel  (Figure  9)  is  divided  into  functional  sections  as  follows: 

1.  Discriminator 

2.  Range  (Offset  Adjust) 
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Figure  8.  Tradat  Chassis  Layout 
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Figure  9.  Tradat  V  Console  Front  Panel 


Figure  10.  Tradat  V  Console  Rear  Panel 


3.  Rjnge  Decoder 

4.  Data  Coder 

5.  Microcomputer 

The  microcomputer  section  will  be  discussed  in  section  3.0. 

All  of  the  front  panel  switches  are  of  the  non-lightcd  status  indicator 
type,  i.e.,  a  color  appears  on  the  front  of  the  pushbutton  when  it  is  depressed. 
The  colors  were  selected  such  that  all  engaged  switches  appear  green  in  the 
normal  operating  mode.  A  yellow  indication  by  an  engaged  switch  indicates  a 
mode  that  is  used  less  often  than  the  normal  operating  mode.  The  system  will 
operate  with  a  yellow  indication  but  the  switch  mode  should  be  checked  to  see 
if  it  is  in  '■he  required  mode.  The  only  switch  on  the  trajectory  part  of  the 
Tradat  system  that  gives  a  yellow  indication  is  the  "Video"  "Input  Source" 
switch  on  the  Range  Decoder  section.  Tradat  V  has  normally  been  used  with  FM 
telemetry  systems  and  the  "Video"  "Input  Source"  switch  is  engaged  only  when 
Tradat  is  used  with  PCM  telemetry  systems. 

2.2.2. 1  Discriminator 

The  discriminator  has  the  following  front  panel  controls,  indicators, 
and  test  points: 

Item  Function 

Zero  Control  Adjusts  tne  data  output  to  zero  when  the  SCO 

input  is  at  center  frequency. 

Gain  Control  Ajusts  the  data  output  to  any  desired  value 

between  0.1  and  10  volts  when  the  SCO  at 
bandedge . 

Output  Meter  Indicates  the  approximate  location  of  the  SCO 

in  the  band. 

"In"  Test  Point  Selected  SCO  signal,  following  bandpass  input 

filter. 

"Out"  Test  Point  Data  at  lowpass  filter  output,  but  before  gain 

control,  deviation  polarity  connection,  and 
out  put . 

"Gnd"  Test  Point  Signal  ground  for  "In"  and  "Out"  test  points. 

Care  should  be  used  when  Sitting  up  the  airborne  SCO  to  note  whether  the 
output  of  the  ranging  receiver  *  dc  or  an  ac  output.  The  SCO  would  have  to 
be  set  up  zero  to  +5  volts  for  dc  and  +  '.5  volts  for  ac.  The  noise  output  of 
the  receiver  should  he  examined  to  verify  tiiat  it  is  below  5  volts  for  DC  and 
+2.5  volts  for  AC.  Tins  will  prevent  the  SCO  from  going  out  of  band  and 
affecting  adjacent  channels.  A  squelch  circuit  on  the  ranging  receiver  is  not 


necessary  if  the  receiver  output  can  be  kept  within  the  input  limits  of  the  SCO. 

The  discriminator  zero  control  should  be  adjusted  to  give  zero  output  when 
the  SCO  is  at  center  frequency.  The  Gain  Control  adjustment  is  rot  critical  and 
the  output  can  be  set  anywhere  between  .5  volts  to  10  volts  peak-to-peak.  After 
the  ranging  system  has  been  initialized,  the  discriminator  controls  should  not 
be  changed  or  the  range  will  change. 

2. 2. 2. 2  Range  (Offset  Adjust) 

The  Range  (Offset  Adjust)  section  of  the  front  panel  consists  of  the  fol¬ 
lowing  indicators,  adjustments,  and  monitor  points: 

Function 

Five  LED  digital  displays  for  range  readout 
to  .01  Km. 

12  pushbutton  switches  (push-push  type)  for 
adjusting  the  range  to  allow  for  variable 
loop  delays. 

A  ten  turn  potentiometer  providing  a  fine 
adjustment  to  the  range. 

Monitors  the  ranging  code  output  to  the 
ranging  transmitter. 

Monitors  the  start  pulse  to  the  Time  Interval 
Counter  Card. 

The  offset  adjust  pushbutton  switches  allow  the  range  to  be  adjusted  in  de¬ 
creasing  binary  time  intervals  between  2048  microseconds  (306.99  Km)  and  1 
microsecond  (.15  Km).  The  fine  adjust  potentiometer  allows  the  range  to  be 
adjusted  slightly  more  than  1  microsecond.  The  range  can  be  adjusted  to  any 
range  from  .01  Km  to  the  maximum  range  of  613.98  Km.  These  range  adjustments 
allow  the  Tradat  V  system  to  be  used  with  different  telemetry  systems  with 
different  loop  delays  affected  by  such  things  as  different  receiver  IF  filters, 
different  receiver  video  filters  and  levels,  etc. 

The  start  pulse  is  equivalent  to  a  subframe  sync  pulse  of  the  PCM  range  code. 
It  can  be  used  as  an  oscilloscope  sync  pulse  for  viewing  the  range  coder  or  de¬ 
coder  waveforms.  Since  the  start  pulse  is  a  subframe  sync,  the  ranging  code 
waveform  appears  as  two  overlapping  traces  on  an  oscilloscope,  one  normal  and 
the  other  inverted,  when  the  start  pulse  is  used  as  the  scope  sync. 

2. 2. 2. 3  Range  Decoder 

The  ranging  decoder  section  of  the  front  panel  consists  of  the  following 
switches  and  monitor  points: 


"RANGE  (Km)"  Display 

"OFFSET  ADJUST"  Switches 
(Green) 

"FINE"  Adjust 

"CODE  OUTPUT"  Monitor 

"START  PULSE"  Monitor 
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Item 

"DISC"  (Green)  "Video" 
(Yellow)  "Input  Source" 
Switch 

"CODE  INPUT"  Monitor 


"COND  DATA"  Monitor 
"STOP  PULSE"  Monitor 
"BIT  CLOCK"  Monitor 


Function 

Two  interlocking  pushbuttons  to  select 
the  ranging  data  source;  "DISC"  for 
JFM  and  "Video"  for  PCM  telemetry 
systems . 

Monitors  the  selected  ranging  data 
source  ("DISC"  or  "VIDEO")  to  the 
Bit  Synchronizer  Card.  This  monitor 
point  has  a  10K  isolation  resistor  & 
may  be  affected  by  load  impedance, 
particularly  when  monitoring  high  bit 
rate  PCM  codes. 

Monitors  the  range  code  as  reconstructed 
by  the  Bit  Synchronizer  Card. 

Monitors  the  stop  pulse  to  the  Time 
Interval  Counter  Card. 

Monitors  the  reconstructed  ranging  code 
bit  clock  from  the  Bit  Synchronizer 
Card. 


The  Tradat  V  console  can  be  checked  in  a  closed  loop  manner  by  cabling  the 
"CODE  OUTPUT"  to  the  "CODE  INPUT"  and  selecting  the  "VIDEO"  as  the  "INPUT 
SOURCE"  on  the  front  panel.  Be  sure  to  turn  the  RF  receiver  off  if  it  is 
cabled  to  the  Tradat  V  console.  All  of  the  waveforms  and  functions  can  be 
tested  in  this  manner  without  the  need  for  the  airborne  part  of  the  ranging 
system. 


2. 2. 2. 4  Data  Coder 

The  Data  Coder  section  of  the  front  panel  consists  of  the  following: 


Item 

"POWER"  Switch  (Green) 
"FRAME  SYNC"  Monitor 
"TRAJ  DATA'1  Monitor 


Function 

A  pushbutton  switch  (push-push  type)  for 
turning  the  console  on  and  off. 


Monitors  the  trajectory  data  code  frame 
sync . 

Monitors  the  serial  trajectory  data  code 
out  of  the  Trajectory  Data  Coder  Card. 

The  "POWER"  switch  is  not  part  of  the  Data  Coder  but  is  physically  located 
right  above  it.  The  "POWER"  switch  turns  power  on  and  off  to  the  entire  Tradat 
V  console. 

The  "FRAME  SYNC"  monitor  is  a  buffered  output  of  the  "DATA  ENTER"  pulse 
from  the  Trajectory  Data  Coder  Card.  This  frame  sync  pulse  can  be  used  to  sync 
an  oscil loscope ,  to  view  the  trajectory  data  code  when  troubleshooting  the  tra¬ 
jectory  data  coder  card  or  input  circuit  on  the  microprocessor. 
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The  "Trajectory  Data"  monitor  receives  its  signal  from  a  line  driver 
capable  of  driving  250  ma.  Therefore,  a  magnetic  tape  recorder  or  other  de¬ 
vice  can  be  driven  by  this  monitor  without  loading  the  signal. 


2.2.3  Rear  Panel 

The  trajectory  system  s 
the  following: 

Item 

Blower 

"AZIMUTH"  Socket 
"ELEVATION"  Socket 
"TIME"  Socket 

"COMMAND"  Socket 

"RANGE  CODE"  Output  (BNC) 
"TRAJ.  DATA"  Output  (BNC) 


"VIDEO"  Input  (BNC) 
Raised  Cover  Plate 


AC  Power  Cord 


section  of  the  rear  panel  (Figure  10)  consists  of 


Function 

For  keeping  internal  components  cool. 

Azimuth  angle  BCD  input  from  tracker. 

Elevation  angle  BCD  input  from  tracker 

BCD  time  and  clock  pulses  from  time  code 
generator. 

Command  inputs  and  verification  outputs  to  the 
command  system  (optional  equipment). 

PCM  range  code  modulation  to  ranging  transmitter. 

Trajectory  serial  data  output,  for  recording  on 
on  magnetic  tape.  (Provides  250  ma  of  drive 
current . ) 

Video  input  from  receiver. 

Provides  protection  for  protruding  discriminator 
connector. 

Provides  115  VAC  power. 


"STATUS  INDICATORS"  Socket 

"FLAG  1",  "FLAG  2". 

"FLAG  3"  INPUTS  (BNC) 


1.5  Amp  protective,  fuse. 

Status  indicator  inputs  from  the  tracker  to 
the  Trajectory  Data  Coder  Card. 

Remote  flag  indicators  to  mark  any  event  vs. 
time  from  any  external  device  to  the  Tra¬ 
jectory  Data  Coder  Card. 


3.0  MICROCOMPUTER 


The  microcomputer  section  of  the  Tradat  V  console  accepts  the  trajectory 
data  code  via  frcnt  panel  pushbutton  switches  from  either  the  Tradat  V  system 
real  time  (during  rocket  or  balloon  flights)  or  from  a  magnetic  tape  recorder 
(when  making  post-flight  trajectory  records).  The  front  panel  of  the  Tradat  V 
console  containing  the  microcomputer  controls  is  shown  in  Figure  8.  As  mentioned 
in  section  2.1.5,  the  trajectory  data  code  consists  of  status  indicator  infor¬ 
mation,  time,  and  the  raw  spherical  coordinates  (Az,  El,  and  slant  range)  of  the 
vehicle  location.  The  microcomputer  transforms  the  raw  spherical  coordinate 
data  into  trajectory  data  based  on  an  ellipsoidal  Earth  shape.  The  computed 
data  can  be  referenced  to  the  tracker  site  or  to  one  of  two  offset  site  locations, 
such  as  a  rocket  launch  site.  The  coordinates  of  the  tracker  and  offset  sites 
are  entered  into  the  microcomputer  via  front  panel  digiswitches  and  a  "SET" 
pushbutton  while  the  microcomputer  is  in  the  "STOP"  mode.  The  microcomputer 
output  is  art  ASCII  RS  232  9600  baud  serial  code  available  on  the  front  or  roar 
panel  of  the  Tradat  V  console.  The  output  is  normally  used  to  drive  a  printer 
of  adequate  printing  speed,  such  as  the  Anadex  model  DP8000.  Printing  rates 
of  1/sec,  6/min,  and  l/'min  are  selectable  via  front  panel  pushbutton  switches. 

A  heading  may  be  printed  while  the  microcomputer  is  in  the  "STOP"  mode  by  de¬ 
pressing  the  "HEADING"  momentary  pushbutton  switch.  The  coordinates  of  the 
tracker  and  offset  sites  are  included  in  the  heading  printout.  The  coordinates 
may  also  be  printed  out  by  depressing  the  "COORD"  pushbutton  while  the  micro¬ 
computer  is  in  the  "STOP"  mode  or  one  of  the  "RUN"  modes.  A  sample  printout  is 
shown  in  Figure  11.  The  heading  consists  of  a  title,  places  for  recording  per¬ 
tinent  launch  information,  coordinates  of  tracker  and  offset  sites,  the  computed 
range  (less  than  100  Kin)  and  azimuth  from  the  tracker  to  site  1,  status  indicator 
definitions,  and  data  column  headings.  A  printed  data  line  consists  of  the  time; 
status  indicators;  mean  sea  level  altitude  in  Km;  Az,  El,  and  slant  range  in  Km 
to  the  vehicle  from  the  front  panel  selected  data  origin  (Tracker,  Site  1, 
or  Site  2);  and  selected,  via  the  front  panel  pushbutton  switches,  either  the 
vehicle  ground  range,  distance  North,  and  distance  East  in  Km  or  the  vehicle 
latitude  and  longitude  in  degrees.  The  sign  convention  used  is  that  minus  (-) 
Latitude  is  South,  minus  (-)  longitude  is  East,  minus  (-)  distance  North  is 
South  and  minus  (-)  distance  East  is  West. 
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Ari;u  -'OiJl  I  TRADAT  TRAJI  CTORY  DATA 

VEHICLE!  LAUNCH  DATE: 

LAUNCH  TIME:  LAUNCH  SITE: 


COORDINATES:  ALT ( KM)  LAT(DEG) 

TRACKER  +00. 6557  +30.0000 

SITE  1  +00.9667  +30.0000 

SITE  2  +00.4358  +31.0000 


LONG (DEC) 
.  00 On 
+0Q9. 0000 
^087.0  >00 


TRACKER  TO  SITEls  RANI )E  095.510  KM  AZ  270.00  DEG 
STATUS  INDICATOR  DEFINITIONS: 

1  ORIGIN!  1: 2) :  2  AZ  MODE ;  3  EL  M00Ei4  FLAG  1:5  FLAG  2:6  FLAG  3 

TIME  STATUS  MSI  A  GR/N/.  OR  I  AT/LONG  AZ  EL  SR 

HH: MM: SS  123456  (Kit)  (KM)  OR  (DEG)  (DEG)  (DFG)  (KM) 


06:10:02  TSSOOO  ALT000.66 
06:10:03  TSSOOO  ALTOOO. 66 
'6:10:04  TSSOOO  ALTOOO. 6F 
06:10:05  TSSOOO  ALTOOO. 66 
06  ■  10:07  1  SSOflO  ALT"O0  6 1 
06:10:08  1SS000  ALTOOO. 66 
06  10:09  1SS000  ALTOOO. 66 
06:10:10  1SS"00  ALTOOO. 66 
06:10:11  1SSOOO  ALTOOO. 66 
06:10:13  2SS000  ALTOOO. 06 
06. t 0:14  TSSOOO  ALTOoO. 66 
06:10:15  2SS000  ALTOOO. 66 
06:10:16  TSSOOO  ALTOOO. 66 
06:10:17  2SS0O0  ALTOOO. 66 
06:10:23  1SS0O0  ALTOOO. 66 
06:10:25  TSSOOO  ALTOOO. 66 
06:10:26  TSSOOO  ALTOOO. -  6 
06:10:27  TSSOOO  ALTOOO. 66 
06:10:28  TSSOOO  ALTOOO. 66 
06:10:29  TSSOOO  ALTOOO. 66 
06:10:31  1SS0O0  ALTdOO. 66 
06:10:32  1SS000  ALTOOO. 66 
06:10:33  1SS000  ALTOOO.  '.6 
06:10:35  2S3000  ALTOOO. 66 
06:  10:  36  2SSOm  :  ALT'  >‘>0.  '-6 


LAT+  30 .  0091  LONG  >  r‘BB .  0000 
LAT+30. 0090  1  0NG+088. 00O0 
LAT+30  0090  1  ONG+opg, 6000 
LAT+30 . 0090  LONG  +00 8 . 0000 
LAT+30. 0090  LONG  080. 0000 
LAT+30. 0090  I 0NG+O88. 0000 
LAT+  2' 1  >09 1  i  PNG  :  i  >8!'. .  6000 

LAT+30. 0091  1.0NG+0  '8. 0000 
LAT+  30 . 609 1  !  ,riNC  •  ‘.BP .  6000 
LAT+30 . 0090  1  .ONG +088 . 0000 
LAT+30.  0090  I.ONG+  088.  O000 
LAT+30. 0091  LONG +088. 0000 
LAT+30. 0091  LONG: 080  000 0 
GR145.57  N- 109  85  E-095.51 
GR096. 5t  N+001 . 66  f+096. 50 
GR0O1.01  N+001 .01  E -000, 00 
GRO<  ■  l  .  O  N+001  ■  ■  •(•>  F.  -  006 , 06 
LAT  +30 . 009 1  1  .ONG+OOfl . 0000 
GRO0 1  6 1  N+  00 1.01  C- 0  ‘>0 .  60 
UROOl.Ol  N+001. 01  E -000.00 
GR096.5J  N+001 -6.1  E+096  50 
GR096 . 5 1  N+001 . 00  E  +096 . 50 

CRON-. ,5t  N+OOi.61  r +»j90  50 
GR145.57  N-109.35  E-095.51 
GR1.15.*'  N-169.P'.  r-095.‘,l 


AZ366  00  EL.00.00  SR001.01 
AZ  360. 00  F LOO. 00  SR001.00 
AZ36<>.  00  EL.00.00  SR001.00 
A  Z  360 .  00  ELOO .  00  SROO  l .  00 
AZ089  16  ELOO, 00  SR096.50 
AZ039.16  ELOO. 00  SR096.50 
AZ 08>.  .  ;  5  ci  no,  OO  SR096.  50 
AZ089. 15  ELOO. 00  SR096.50 
AZ089.15  ELOO. 00  SR096.50 
A7221.40  ELOO. 00  SR145.90 
AZ 22 1.40  ELOO. 00  SR  145. 90 
AZ221.40  l LOO . OO  SR 145 , 89 
AZ 22 1.40  EL  00. 00  SR145.Q9 
A? 22 1 . 40  ELOO. 00  SRI  45.89 
AZ089. tfc  ELOO. 00  5R096.50 
A7360.0O  ELOO. 00  SR001.01 
AZ3Z.I  00  ELOO.  00  SROO  1.00 
AZ360.  X'  ELOO.  00  SROO  1 . 0 1 
A 7  966. 60  El.  00.60  SR001.01 
AZ 360 . 00  1-LOO. 00  SROO  1.01 
A 7089, 15  ELOO, 00  SR096.50 
A  ZOO,  9 .  l  6  ELOO .  00  SR096 . 50 
A 7 089  .  5  n.i-.o.OO  SR096.50 
AZ 23 1.40  F LOO. 00  SR 14 5. 89 
AZ27 i . 40  ELOO. 00  SR145.89 


rnORDINATES:  ALT (KM)  LAT (DFG) 

TRACKER  +00.  *55?  ■  30 .  Of-  " : 

SITE  1  +00.9667  +30.0000 

SITE  +00.4358  +31 .OmOO 


LONG (DEG) 
+088  ‘"‘O' 
+089. 0000 
-087.  OOO 


Figure  II.  Tradat  Microcomputer  Printout 


3.1  Derivation  of  Equations 

The  geocentric  coordinate  system  (Figure  12)  was  selected  with  the  vertical 
(/%)  axis  through  the  tracker  site,  with  the  East  (E^)  axis  through  the  equator, 
and  with  the  North  (N^)  axis  on  the  longitudinal  plane  through  the  tracker  site. 
The  tracker  site  coordinate  system  data  is  transformed  to  geocentric  coordinate 
data  by  rotating  the  tracker  site  data  through  an  angle  equal  to  the  tracker 
site  latitude  and  then  translating  the  tracker  site  data  to  the  Earth's  center. 
The  geocentric  coordinate  system  data  may  then  be  transformed  to  any  location 
on  the  Earth  by  a  translation  to  the  Earth's  surface  and  then  two  rotations 
equal  to  the  offset  latitude  (0^)  and  the  longitude  difference  (A.\)  between  the 
tracker  site  and  the  offset  site. 

3.1.1  Geocentric  Transformation 


The  tracker  site  rectangular  coordinate  data  is  derived  from  the  spherical 
coordinate  data  (tracker  data)  as  follows  (Figure  13) : 
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From  Figure  12,  the  offsets  from  the  tracker  site  to  geocentric  coordinates 

are : 

(5)  Xq  =  (y  +  Ht)  cos  0t’ 

(6)  Yo  =  0  ‘ 

(7)  Zo  =  (ty  +  Ht)  sin  0T’ 

(8)  y  =  6378.185  -  21.39  sin2  0T 

(9)  y  =  0T  -  e2  sin  0T/  (1  -  e2  sin  0T) 

See  section  3.1.4  equations  (50)  and  (54)  for  the  derivation  of  equations 
(8)  and  (9) . 

The  Euler  angles  used  in  these  coordinate  transformations  are  found  in 
Figure  14.  The  EuLer  matrix  |  E  j  is  fot  transforming  from  geocentric  to  tracker 
site  coordinates.  The  transpose  of  the  Euler  matrix  j  K'|  must  be  used  to  go 
from  the  tracker  site  to  geocentric  coordinates.  With  the  rotation  angles 
txT  =  0  and  =  0^,.  the  transformation  from  tracker  site  to  geocentric  coordinates 
is : 
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X o  *  ( ^  ^  S  ^  y- 


/ 


=  Geodetic  tracker  site  latitude. 

tfT'  =  Geocentric  tracker  site  latitude. 

fij,  =  Geodetic  Earth  radius  at  tracker  site. 

rt'  =  Geocentric  Earth  radius  at  tracker  site 

e  =  eccentricity  (.0818291922). 

'  =  Longitude  offset  from  tracker  to  offset 

llT  =  Tracker  site  altitude. 

(Subscript  "0"  defines  offset  site.) 

\j.  =  Vertical  tracker  site  axis. 

=  East  tracker  site  axis. 

=  North  tracker  site  axis. 


Figure  12.  Geocentric  Coordinate  System 
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AZ 


EL 


SR 


GR 


*  Azimuth  angle 

■  Elevation  angle 

*  Slant  range 

*  Ground  range 
=  Altitude 

*  Distance  North 
=  Distance  East 


3.  1 raeker  Site  Coordinate  Syst 
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3.1.2  Offset  Site  Transformation 

The  offsets  from  the  geocentric  to  the  offset  location  on  the  Karth's 
surface  are  (refer  to  Figure  15): 

(12)  X  =  (R  '  4-  H  )  cos  0  ’  cos  A  A 

os  o  o  o 

(13)  Y  -  (R  '  +  H  )  cos  0  '  sin  A  A 

os  o  o  o 

(14)  Z  =  (R  '  +  H  )  sin  0  ' 

os  o  o  o 

With  the  rotation  anglescx=A\  and/®  =  0  ,  the  transformation  from  geo- 

o 

centric  to  offset  site  coordinates  is  (see  Figure  15)  : 
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The  offset  site  spherical  coordinate  data  is  derived  from  the  rectangular  co¬ 
ordinate  data  as  follows: 

\l  2  2-1 

(19)  GR  =VN  +  E 

po  1  po  po 


(20)  AZ  =  arctan  (E  /N  ) 
po  po  po 


(21)  SR  = |GR  +  A 

po  |  po  po 

(22)  EI,  =  arctan  (A  / GR  ) 

po  po  po 

These  are  the  parameters  a  tracker  wou  d  display  if  it  were  at  the  offset  site 
tracking  the  target  vehicle. 
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3.1.3  Geodetic  Transformation 


The  geodetic  coordinates  (latitude  and  longitude)  of  the  subearth  point  of 
the  target  vehicle  and  the  mean  sea  level  altitude  of  the  target  vehicle  are 
useful  parameters.  The  longitude  of  the  target  vehicle  subearth  point  is  from 
Figure  16: 

xv  =  at  ~aav 

where  (24) /\\  =  arctai.  (X  /Y  ) 

£-i/'V  V  v 

The  latitude  of  the  target  vehicle  cannot  be  determined  directly  hut  must 
be  calculated  in  an  iterative  loop.  The  geocentric  latitude  and  alt  it  talc  art 
calculated  as  follows  from  Figure  16: 


(23)  GR 


2 

X  +  Y 
v  v 


(26)  0  -  arctan  (2  /GR  ) 

g _ v  v 


+  Z 


(27)  (O'  =\  GR  2 

V  |  V  V 

The  equation  to  be  used  in  the  loop  is  derived  using  the  I.a.w  of  Sines  and 
Figure  16  as  follows: 


(28)  sin  (0  -  0  )  =  sin  (180  -  (0  -  0  ’)) 

_ v  g'  _ _ _ v  v 


V 


l°v 


Since  sin  @  =  sin  (180  -  9)  and  assuming  small  angles: 


where 
3.  1.4. 


(29)  0  ~  0  -  0  -  0  ' 

_v _ _v _ v__ 

R  ’  p' 

<•  r  v 


(30)  0  =  0  +R’(0  -  0  1 ) 

v  g  __s _ V _ V 


Pv 

2  2  2 

(31)  i)  --  (0  -  0  ')  =  e  sin  0  cos  0  /(1-e  sin“0  )  from  section 

v  v  v  v  v 

The  iterative  loop  is  initalized  as  follows: 

(52)  0  =0 

v  g 

i  i  i)  4  =  0 


rile  loop  ;»roi  oi-tl  ;  as  i  nl  lows  : 

(34)  R  '  ---  6  378.183  -  21.39  sin2  0 
s  v 

>  2  2 
(33)  U  =  c*“  sin  0  cos  0  ./(1-e  sin  0  ) 
v  v  v 

(36)  0  ~  0  +  R  '  l) 

v  g  _ 

,  / 

t  v 
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Geodetic  latitude  of  subearth  point. 

=  Geocentric  latitude  of  subearth  point. 
Geocentric  latitude  of  target  vehicle. 

=  Longitude  offset  from  tracker  site  to  subearth 
Target  vehicle  mean  sea  level  altitude. 

R  +  A  =  Geodetic  altitude  of  target  vehicle, 
s  e 

=  Geocentric  altitude  of  target  vehicle. 

Geodetic  Earth  radius  at  subearth  point. 

=  Geocentric  Earth  radius  at  subearth  point. 


point 


Kigure  16.  Geodetic  Coordinates  of  Subearth  Point 


The  maximum  value  of  D  (occurring  at  (3  =  45°)  is  only  .192°  and  R  ’  can  only 

v  s 

vary  a  maximum  of  .34%,  so  very  few  iterations  are  required  to  find  the  value 
of  0  to  sufficient  accuracy.  Two  iterations  are  sufficient  to  calculate  0 
to  within  .0001°. 

The  target  vehicle  mean  sea  level  altitude  is  calculated  as  follows  from 
Figure  16: 

(37)  A  =  1  cos  (0  -  0  )  +  R  '  cos  (180°  -  D) 

e  v  v  g  s 

(38)  A  =  p  '  cos  (0  -  0  )  -  R  '  cos  D 

e  1  v  v  g  s 

since  (39)  cos  9  =  -  cos  (180°  -  9)  and  (40)  a  =  b  cos  C+  c  cos  B 

The  last  values  to  be  calculated  are  the  North,  East,  and  ground  range 
distances  from  the  target  vehicle  subearth  point  to  the  data  origin.  The 
origin  may  be  the  tracker  site  or  some  offset  location.  These  values  are 


calculated  as  follows: 

(41) 

R  '  = 
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6378.185  -  21 

(42) 
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(A  -  A  )  R  ' 
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o  v  o 

(43) 
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b  «v  -  V 

eo 

(45) 
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These  equations 

are  relative  to  an  < 

-9  __  v 

2  '  , 


relative  to  the  tracker  site,  merely  replace  the  "0"  subscripts  with  "T"  sub¬ 
scripts  . 

3.1.4  Earth  Spheroid  Derivations 

The  model  used  for  the  Earth  in  the  previous  calculations  is  an  approxi¬ 
mation  of  an  ellipsoidal  Earth  with  these  parameters: 

(46)  R  =  6378.16 

eq 

(47)  R  ,  =  6356.77 

pole 

(48)  f  (flattening)  =  1/298.25 

(49)  e  ( eccentricity)  =  .08 ’8291922 

The  models  used  for  the  geocentric  and  geodetic  radii  in  Km,  along  with  their 
deviation  from  the  elliposoidal  Earth,  are  as  follows: 

(50)  R'  =  6378.135  -  21.39  sin2  0 

(51)  R  =  6335.435  +  2 1 . 32  sin"  0 


w 


The  maximum  deviation  of  this  Earth  model  from  an  ellipsoid  is  only  25  meters 
for  the  geocentric  radius  and  17  meters  for  the  geodetic  radius  ( Figure  17). 

The  equation  for  the  angular  difference  between  the  geodetic  and  geo¬ 
centric  latitude  is  derived  as  follows: 


(52) 

Since  (0  -  0') 

(53) 


2 

tan  (0  -  0’)  =  e  sin  0  cos  0 _ ( Re f .  4 ) 

cos^  0  +  (1  -  e^)  sin^  0 

is  always  less  than  .192°,  the  small  angle  assumption  is  vt lid. 
(0  -  0')  =  e^  sin  0  cos  0 _ 


2 

cos  0 


+  sin  0  - 


2  4  2 

e  sin 


(54)  (0  -  0')  =  e^  sin  0  cos  0 

i  2  .  2  a 

1  -  e  sm  0 

The  effect  of  the  tracker  site  altitude  (H^)  and  the  offset  site  altitude 
(Hq)  are  so  small  compared  to  the  Earth's  radius  that  they  have  a  negligible 
effect  on  the  geodetic  latitude. 

Refer  to  Reference  5  for  a  vigorous  treatment  of  coordinate  transformations 
suitable  for  use  on  larger  computers. 


3.2  Software  Description 


The  microcomputer  programs  are  stored  in  seven  kilobytes  of  erasable  pro¬ 
grammable  read  only  memory  (EPROM)  on  the  Program  Card  in  the  Tradat  V  console. 

The  working  area  consists  of  one  kilobyte  of  random  access  memory  (RAM)  on  the 
Microcomputer  Card  in  the  Tradat  V  console.  The  software  for  the  Tradat  V 
microcomputer  was  developed  on  an  OSU-built  microcomputer  development  system. 

The  development  system  (Figure  18)  physically  consists  of  a  KIM-1  microcomputer 
card,  a  KIM-4  mother  board,  32  kilobytes  of  RAM  (expandable  to  64K) ,  8  kilobytes 
of  EPROM,  EPROM  programmer,  a  mini-floppy  disk  system,  power  supplies,  and  a 
special  purpose  Tradat  V  interface  card.  The  KIM  system  is  based  on  the 
MPS6502  microprocessor  chip,  which  is  the  one  selected  to  be  used  in  the  Tradat 
V  microcomputer.  Software  support  includes  an  assembler-editor,  BASIC  language, 
mini- floppy  disk  control,  EPROM  programmer,  and  the  normal  software  included  on 
the  K1M-L.  The  BASIC  language  was  particularly  useful  in  computing  trajectoi  • 
data  points  to  test  the  computational  accuracy  of  the  Tradat  V  microcomputer.  The 
computational  accuracy  is  within  .01  Km  for  distance,  .01°  for  Az  and  El  angles, 
and  .0001  for  latitude  and  longitude. 
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Figure  17.  Deviation  of  Earth  Model  from  an  Ellipsoid 
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3.2.1  Main  Control  Program 

A  software  flow  chart  of  the  Main  Control  Program  is  shown  in  Figure  19- 
At  "power  on"  the  system  is  reset  and  then  initalized  by  moving  certain  con¬ 
stants  and  subroutines  to  the  RAM,  by  initializing  the  peripheral  interlace 
adapter  and  output  buffer,  by  running  the  initial  compuation  program,  and  by 
setting  the  output  baud  rate. 

The  program  then  checks  to  see  if  an  interrupt  flag  is  present.  If  no 
interrupt  flag  is  detected,  the  program  continues  on;  but  if  an  interrupt  flag 
is  detected,  the  program  goes  through  an  interrupt  loop.  A  non-maskable  interrupt 
flag  (NMI)  is  set  when  the  "HEADING"  pushbutton  is  depressed  and  an  interrupt 
request  (IRQ)  flag  is  set  when  the  "COORD"  pushbutton  is  depressed.  The  heading 
or  data  origin  coordinates  are  printed,  depending  on  which  pushbutton  has  been 
depressed.  A  sample  printout,  including  the  heading  and  computed  data,  was 
shown  in  Figure  11.  The  interrupt  flag  is  then  cleared  before  the  program  re¬ 
turns  to  check  the  interrupt  flag. 

A  flowchart  describing  how  the  NMI  and  IRQ  interrupt  flags  are  set  is  in¬ 
cluded  in  Figure  19.  The  primary  function  of  both  interrupts  is  to  set  an 
identifying  flag  (number)  in  a  memory  location  so  the  microcomputer  will  know 
whether  to  print  a  heading  or  the  data  origin  coordinates.  After  an  NMI  is  de¬ 
tected,  when  the  "HEADING"  pushbutton  is  depressed,  the  accumulator  and  X  and  V 
registers  are  saved  and  a  check  for  "STOP"  mode  occurs.  A  heading  may  be  printed 
out  only  when  the  microcomputer  is  in  the  "STOP"  mode.  If  it  is  in  the  "STOP" 
mode,  the  heading  flap,  is  set,  the  accumulator  and  X  and  Y  registers  are  restored 
with  the  previously  saved  data,  and  the  program  will  return  to  the  point  at 
which  it  was  interrupted  when  the  "HEADING"  pushbutton  was  depressed.  After  an 
an  IRQ  is  detected  when  the  "COORD"  pushbutton  is  depressed,  the  accumulator  and 
X  and  Y  registers  are  saved  and  the  coordinate  flag  is  set.  The  accumulator  and 
X  and  Y  registers  are  restored  with  the  previously  saved  data  and  the  program 
will  return  to  the  point  at  which  it  was  interrupted  when  the  "COORD"  pushbutton 
was  depressed. 

If  there  is  no  interrupt  flag  ejected,  the  program  continues  and  checks  to 
see  if  the  microcomputer  is  in  the  "tD'N"  o’-  "STOP"  mode.  The  microcomputer  is  in 
the  "REN"  mode  when  one  of  the  "DATA  ORIGIN  (RUN)"  pushbuttons  is  depressed.  If 
the  microcomputer  is  in  the  "STOP"  mode,  the  new  data  origin  pointer  is  cleared 
and  the  microcomputer  is  checked  to  see  IF  the  "SET"  pushbutton  is  depressed. 

If  it  has  been  depressed,  the  coordinate  data  on  the  thumbwheel  digiswitches  is 
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Figure  19.  Tradat  Microcomputer  Software  Flow  Chart 


Figure 


19.  Tradat  Microcomputer  Software  Flow  Chart  (Con't) 


read  into  memory  and  the  program  returns  to  check  the  interrupt  flag.  If  the 
"SET"  pushbutton  is  not  depressed,  the  program  goes  immediately  hack  to  check 
the  interrupt  flag. 

If  the  microcomputer  is  in  one  of  the  "RUN"  modes,  the  program  sets  the 
data  origin  pointer  and  then  checks  to  see  if  the  data  origin  has  been  changed. 
If  the  data  origin  has  been  changed,  the  program  proceeds  to  a  loop  that  makes 
initial  computations  based  upon  the  coordinates  of  the  data  origin  site.  The 
new  data  origin  pointer  is  then  reset  before  proceeding  on  to  the  next  program 
step.  The  initial  computation  program  is  described  further  in  section  3.2.2. 

The  next  step  is  to  see  if  there  is  any  data  present  at  the  input  to  the 
microcomputer.  If  there  is  no  data  present,  the  program  continues  in  a  loop 
until  a  frame  of  data  is  available.  If  data  is  available,  the  program  proceeds 
to  input  a  frame  of  trajectory  data  code. 

The  program  checks  to  see  if  the  tenths-second  word  is  equal  to  zero.  If 
it  is  not  zero,  the  program  loops  back  to  check  the  interrupt  flag.  If  it  is 
zero,  the  one  print  per  second  pushbutton  is  checked  to  see  if  it  is  depressed. 
If  it  is  depressed,  the  program  continues  on  to  convert  the  Az,  El,  and  slant 
range  from  BCD  to  binary;  if  it  is  not  depressed  the  program  checks  to  see  if 
the  units-second  word  is  zero.  If  it  is  not  zero,  the  program  loops  back  to 
check  the  interrupt  flag;  but  if  it  is  zero,  the  six  per  minute  pushbutton  is 
checked  to  see  if  it  is  depressed.  If  the  six  per  minute  pushbutton  is  de¬ 
pressed,  the  program  continues  on  to  convert  the  Az,  El,  and  slant  range  from 
BCD  to  binary;  if  it  is  not  depressed,  the  program  checks  to  see  if  the  tens- 
second  word  is  zero.  If  it  is  not  zero,  the  program  loops  back  to  check  the 
interrupt  flag;  but  if  it  is  zero,  the  program  continues  on  to  convert  the  Az, 
El,  and  slant  range  from  BCD  to  binary  (BCDTB  subroutine). 

The  BCDTB  subroutine  converts  the  BCD,  Az ,  El,  and  slant  range  data  to 
40-hit  binary  numbers.  A  40-bit  binary  number  is  greater  than  required  for  the 
input  data  but  was  selected  as  the  standard  fixed  point  word  length  due  to  the 
accuracy  required  for  some  of  the  intermediate  computed  values. 

The  Main  Computation  Program  uses  the  computed  values  from  the  Initial 
Computation  Program  and  the  binary  values  of  the  Az,  El,  and  slant  range  to 
compute  tin'  trajectory  data,  based  on  the  ellipsoidal  Earth  shape.  The  com¬ 
puted  data  consists  of  the  vehicle  geodetic  mean  sea  level  altitude  in  Km;  the 
vehicle  ground  range.  North  and  East  distances  in  Km  along  the  Earth  ellipsoidal 
surface;  the  vehicle  Latitude  and  longitude  in  degrees;  and  the  spherical 
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coordinate  data  (Az,  El,  and  slant  range)  of  the  vehicle  relative  to  the 
selected  data  origin  site. 

The  program  then  checks  the  output  format  pushbuttons.  If  the  "CR/N/E" 
pushbutton  is  depressed,  the  vehicle  ground  range  and  North  and  East  distances 
are  included  in  the  output  format.  If  the  "I.AT/LONC"  pushbutton  is  depressed, 
the  vehicle  latitude  and  longitude  are  included  in  the  output  format.  After 
outputting  a  line  of  data,  the  program  loops  back  to  check  the  interrupt 
flag. 

3.2.2  initial  Computation  Program 

The  Initial  Computation  Program  is  used  to  calculate  all  of  the  coefficients 
that  are  associated  with  the  selected  data  origin  coordinates  (altitude,  latitude, 
and  longitude  of  the  tracker  site  or  offset  site).  It  is  also  used  to  colculn'e 
the  range  and  azimuth  from  the  tracker  site  to  site  1.  The  Init  ial  Computat i .  p. 
Program  is  run  only  at  turn  on  or  when  a  new  data  origin  is  selected.  The 
Initial  Computation  Program  is  given  in  abbreviated  form  in  Table  1.  Refer  to 
section  3.1  for  parameter  definitions.  The  M  and  K  coeff icients  that  are 
computed  in  the  Initial  Computation  Program  are  stored  in  random  access  memory 
and  used  in  the  Main  Computation  Program.  The  M  coefficients  are  used  in  the 
coordinate  transformation  computations  and  the  K  coefficients  (Ref.  6)  are 
used  to  convert  latitude  and  Longitude  angular  distances  into  North  and  East 
linear  distances,  measured  along  the  surface  of  the  Earth  ellipsoid. 

3.2.3  Main  Computat Lon  Program 

The  Main  Computation  Program  uses  the  computed  values  from  the  Initial 
Computation  Program  and  the  binary  values  of  the  raw  spherical  coordinate  data 
(Az,  El,  and  slant  range)  to  compute  the  trajectory  data  based  on  the  ellipsoidal 
Earth  shape.  The  computed  data  consists  of  the  vehicle  geodetic  mean  sea  level 
altitude  in  Km;  the  vehicle  ground  range.  North  and  East  distances  in  Km  along 
the  Earth  ellipsoidal  surface;  the  vehicle  latitude  and  longitude  in  degrees; 
and  the  spherical  coordinate  data  for  the  vehicle  relative  to  the  selected  data 
origin  site.  The  Main  Computation  Program  is  given  in  abbreviated  form  in 
Table  2.  The  notation  P(R,  9)^ — ^R(X,Y)  as  used  in  step  1  refers  to  a  polar- 
tc;- rectangular  transformation  and  the  rotation  K(  X ,  Y) P  ( R ,  9),  as  used  in 
step  8,  refers  to  a  rectangular-to-polar  transformation.  The  subscript  "s" 
refers  to  a  short  cordic  rotation  and  "L"  refers  to  a  long  cordic  rotation. 

Refer  to  section  3.1  for  parameter  definitions  and  a  detailed  explanation  of 
the  equations  and  their  derivation. 
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TABLE  1. 


INITIAL  COMPUTATION  PROGRAM 


1.  Rt’  =  6378.185  -  21.39*  sin0T  +  H 

2.  A  A=  A  -  A 

T  o 

3.  R  '  =  6378.185  -  21.39*  sin  02  +  H 

o  To 

4.  0T'  =  0T  -  e2  *  sin  0T  *  cos  0T/(l-e2  sin2  0T) 

5.  0  '  =  0  -  e2  *  sin  0  *  cos  0  /(1-fc2  sin2  0_) 

o  o  oo  T 

(where  e  =  eccentricity  of  Earth  shape  ellipsoid) 


6. 

Mi  = 

sin  0T 

*  sin  AA 

7. 

M2  = 

cos  A  A 

8. 

m3  = 

cos  0T 

*  sin  AA 

9. 

M4  - 

Rj.'  * 

cos  0^'  *  sin  AA 

10. 

M5  = 

sin  0T 

*  sin  0  +  cos  0_  *  cos  0 

o  T  o 

11. 

M6  = 

sin  0 

0 

*  s  in  AA 

12. 

m7  = 

s  in  0T 

*  cos  0  -  cos  0^  *  sin  0 

o  T  o 

1  3. 

M8  = 

R  '  * 
o 

(cos  0  '  *  sin2AA  *  sin  0 
o  o 

sin  0  ) 
o 

1  RT'  *  (sin  0T'  *  cos  0q  - 

14. 

M9  = 

cos  0 

o 

*  s  i  n  A  A 

1  5. 

M10 

n 

(sin  0  '  *  sin  0  +  cos  0 

T  o  T 

- 

R  '  * 
o 

2 

(cos  0  '  *  sin  AA*  cos  0 
o  o 

C 

os  “A  A  * 

cos  0  ) 
o 

16. 

M11 

II 

cos  0T' 

17. 

M12 

sin  0 

18. 

ka  = 

R  f  * 

o 

cos  0  '  (Rm/radian  long.) 
o 

14. 

K0 

=  110.575  +  i.LL  *  sin  0  (Km/dep 

o 

P 


-  sin  0  '  *  cos  0  +  cos  0  '  *  cosAA* 

o  oo 

cos  0  '  *  sin  0  ) 

T  o 


'  *  co  0  ) 

o 

+  sin  0  '  *  sin  0  +  cos  0  '  * 

'  o  o 


]  at .  ) 
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TABLE  2.  MAIN  COMPUTATION  PROGRAM 


1. 

P  (SR  ,  EL  )  - 
p  p  s 

— R 

(GR 

P 

,  A  ) 

P 

2. 

P  (GR  ,  AZ  )  - 
P  P  s 

" 

(N  , 
P 

E  ) 

P 

3. 

E  =  N  *  M, 

+  E 

*  M_ 

-  A 

*  M  - 

po  p  1 

P 

2 

P 

3 

4. 

N  =  N  *  M 

-  E 

*  M, 

+  A 

*  M-,  + 

po  p  S 

P 

6 

P 

7 

*4 

“1 

8 


5. 

6. 
7. 


A  =  -N  *  +  E  *  M„  +  A  *  Mr  +  M,  - 

po  p  7  p  9  p  5  10 


X  =  -N*sin0_  +  A  *  cos  0„  +  M,  , 
v  p  T  p  T  11 


Z  =  N  *  cos  0_  +  A  *  sin  0„  +  M,  „ 
v  p  T  p  T  12 


8. 

R  (M  E  )  —2*P 

po,  po  s 

(GR  AZ  )  (Azimuth  Angle) 

po,  po  • 

1 

1 

9. 

R  (GR  A  )^>P 

po,  po  s 

(SR  EL  )  (Slant  Range  &  Elevation  Angle) 

po,  po 

10. 

R  (X  ,  E  )  P 

V  P  L 

(GR  ,  A  A  ) 

V  V 

11. 

R  (GR  ,  Z  )  P 

V  v , 

L. 

A’.  V 

12. 

0=0  ;  D  =  0; 

v  g 

N  =  2  (Loop  Initialization) 

13. 

R  '  =  6378.185  -  : 
s 

2 1 . 39  *  s  in  "  0 

V 

14. 

2 

D  =  e  *  s  in  0  * 

V 

cos  0  /(I  -  e2  *  sin  0  ) 

V  V 

15. 

0  =0  +  R  '  *  D/A5  ’ 

A  Loop 

16. 

v  g  s 

N  =  N-l 

V 

(0  =  Lat i t  ude) 

V 

17. 

IF  =  N  >  0  GO  TO 

15 

18. 

19. 

20. 
21. 


0  =0-0 

v  g 


A  =  P  '  *  cos  0  -  R  '  *  cos  D 

e  v  vg  s 


K„  =  110.575  +  1 . 11  *  sin  0 

0V  v 


(Mean  Sea  Level  Altitude) 
(Kiii/ Deg.  Lat.) 


V0vo  =  (K0v  +  K0o)/2 


N  =  (0  -  0  )  *  Krt 

eo  v  o  0vo 


2  3. 


A  =  At  -A  A 
v  r  v 


(Avg.  Km/Deg.  Lat.) 
(Distance  North) 
(Longi t  ude) 


A  A  "A  +AA  -  A_ 
vo  o  v  T 


E  =A A  *  K  x 
eo  vo  ' 


R  (N  E  )  - 
eo,  eo  s 


P  (GR  ,  0) 
eo 


(.Distance  East) 
(Ground  Range) 
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3.2.4  Algorithms 


The  algorithms  developed  to  complete  the  trajectory  computations  are: 

1.  INPUT  -  Detects  the  frame  sync  word  of  the  trajectory  data  serial 
PCM  code  associated  with  integral  seconds  and  unpacks  the  Az ,  El,  slant  range, 
time,  and  status  indicator  words  and  stores  them  in  memory. 

.  2.  OUTPUT  -  Outputs  characters  to  the  printer. 

3.  BTBCD2  -  Converts  a  40-bit  binary  number  to  BCD  with  2  decimal 
places  and  round  off. 

4.  BTASCI  -  Converts  a  40-bit  binary  number  to  a  7  digit  ASCII 
number  with  4  decimal  places  and  round  off. 

5.  BTASC2  -  Converts  a  40-bit  binary  number  to  a  5  digit  ASCII 
number  with  two  decimal  places  and  roundoff. 

6.  ADD  -  Adds  two  40-bit  binary  numbers. 

7.  NEC  -  Negates  a  40-bit  binary  number. 

8.  MOVE  -  Moves  a  40-bit  binary  number  from  one  memory  location  to 

another. 

9.  SUB  -  Subtracts  one  40  bit  binary  number  from  another. 

10.  I, SHE  -  Shifts  a  40-bit  binary  number  a  given  number  of  times  to 
the  left  (lower  memory  location).  Zeros  are  shifted  into  the  emptied  memory 
locat ions . 

11.  RSHF  -  Shifts  a  40-bit  binary  number  a  given  number  of  times  to 
the  right  (higher  memory  location).  Zeros  are  shifted  into  the  emptied  memory 
locat ions . 

12.  MULT  -  Multiplies  one  40-bit  b  iuarv  i  a:' .in  t  anolner.  Returns 
an  80-bit  binary  number  as  the  answer. 

13.  ROT AT  -  The  cordic  rotation  algorithm  tor  determining  trigono¬ 
metric  functions  using  a  cordic  table. 

14.  RE0TP0  -  A  rectangular  to  polar  coordinate  transformation  (uses 

ROT AT) . 

1).  POTRKC  -  A  polar  to  rectangular  coordinate  t runs  format i on  (uses 
ROT AT) .  (an  also  be  used  to  determine  Sine  uni  Cosine. 

lb.  BCDTB2  -  Converts  a  BCD  number  with  3  digits  including  two  decimal 
places  to  a  40-bit  binary  number. 

17.  BCDTB4  -  Converts  a  BCD  number  with  7  d  i  c  i  l s  including  4  decimal 
place:,  to  a  40-bit  binary  number. 

18.  MOYB  -  Moves  a  40-bit  binary  number  from  zero  page  memory  to  an 
absolute  memory  address  location. 


>0 


V - 


19.  MOVA  -  Moves  a  40-hit  binary  number  from  an  absolute  memory 
address  location  to  zero  page  memory- 

20.  DIVIDE  -  Divides  one  40-bit  binary  number  by  another. 

21.  DESEC  -  Provides  a  1  second  delay. 

22.  RSWITC.H  -  Determines  which  coordinate  is  to  be  read  from  the 
coordinate  thumbwheel  digiswi tches. 

23.  GETTUM  -  Stores  the  coordinate  on  the  thumbwheel  digiswitch 
at  the  proper  memory  address. 

24.  SETPT  -  Sets  the  pointers  to  the  selected  data  origin  site 
(tracker,  site  1,  or  site  2). 

25.  PRTCOO  -  Prints  the  data  origin  coordinates  entered  on  the  front 
panel  thrumwheel  digiswi tches  when  the  "COOR"  pushbutton  is  depressed. 

26.  NMI  -  Sets  an  identifying  flag  (number)  onlv  when  in  stop  mode 
in  a  memory  location  after  a  non-maskable  interrupt  (NMI)  is  detected  when  the 
"HEADING"  pushbutton  is  depressed.  Refer  to  section  3.2.1  for  further  details. 

27.  IRQ  -  Sets  an  identifying  flag  (number)  in  a  memory  location 
after  an  interrupt  request  (IRQ)  is  detected  when  the  "COOR"  pushbutton  is  de¬ 
pressed.  Refer  to  section  3.2.1  for  further  details. 

28.  TITLE  -  Prints  the  title  when  the  "HEADING"  pushbutton  is  de¬ 
pressed  . 

29.  STATUS  -  Puts  the  status  indicators  on  the  output  buffers. 

30.  MCOh’TR  -  Main  control  program  as  described  in  section  3.2.1. 

31.  INTCAL  -  Initial  computation  program  as  described  in  section 

3.2.2. 

32.  MCGftPT  -  Main  computation  program  as  described  in  section 

3.2.3. 

33.  RSLTE  -  Computes  the  Azimuth  angle  and  slant  range  between  the 
tracker  site  and  site  1. 

34.  TITL2  -  Prints  the  tracker  site  to  site  1  ground  range  and 
Azimuth  angle. 

3.3  Electrical  Descriptions 

The  microcomputer  electrical  description  is  fairly  simple  compared  to  the 
software  description.  A  block  diagram  of  the  microcomputer  system  is  given  in 
Figure  20.  The  TrndH  V  microcomputer  system  consists  of  the  Microcomputer  Card 
and  the  Program  Card. 
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Figure  20.  Trndat  Microcomputer  Block  Diagram 


3.3.1  Microcomputer  Card  (OSU  Drawing  D95GE04) 


The  microcomputer  card  (Figure  20)  consists  of  the  following  functional 
blocks : 

1.  Data  Bit  Sync  -  The  data  bit  sync  (1C303  and  1C310)  conditions 
the  trajectory  data  PCM  code  and  reproduces  a  bit  clock. 

2.  Inpuc/Output  Control  -  The  coordinate  thumbwheel  digiswitch  data 
is  input  through  IC311-314.  The  "COOR"  pushbutton  is  connected  directly  to  the 
IRQ  input  on  the  microprocessor.  The  "HEAD INC"  pushbutton  is  debounced  through 
IC319  before  entering  the  NM1  input  on  the  microprocessor.  The  coordinate 
select  thumbwhell  digiswitch,  print  rate,  print  format,  and  set  pushbutton,  and 
the  conditioned  trajectory  data  and  bit  clock  are  input  to  LC302,  which  is  a 
R6522A  versatile  interface  adapter.  The  input /output  is  controlled  by  tile- 
address  bus  and  the  control  bus. 

3.  Microprocessor  -  The  microprocessor  is  a  MPS6502A,  2  Mllz  unit  with 

the  following  inputs  and  outputs: 

16  Address  bus  lines 
8  Data  bus  lines 
RST  -  Reset 

NMI  -  Non-Maskable  Interrupt 
IRQ  -  Interrupt  Request 
R/W  -  Read /Write 

KDY  -  Ready 
2  System  Clock  Lines 
-t-5  VDC  Power 
Ground 

4.  System  Clock  -  The  system  clock  is  a  2  MHz  crystal  oscillator 
circuit  using  IC31 7E  and  317F. 

5.  Memory  Control  -  The  memory  control  circuit  is  used  to  construct 
the  control  bus  which  controls  the  input,  output,  RAM,  or  EPROM  as  the  software 
requires  during  program  operation.  The  6502  microprocessor  addresses  inputs 
and  outputs  as  if  tliev  were  memory  locations.  1C '15  uses  address  lines  1  1 
through  15  to  provide  an  8K  memory  region  select  and  IC316  uses  address  lines 
10  through  12  to  provide  a  IK  memory  region  select.  IC’s  321 A ,  32  IB,  321C, 

317A,  317B.  317C,  3171).  318A,  318B,  318C,  and  >1 8 1 )  are  used  as  control  bus 
buffers  and  gates. 

6.  Address  Buffers  -  The  address  lines  are  buffered  by  IC305,  SOL, 
and  307  to  provide  enough  drive  for  the  circuits  that  arc  addressed. 

7.  Data  Buffers  -  The  EPROM  data  lines  are  buffered  and  gate  con¬ 
trolled  by  TC307  and  308. 
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8.  IK  RAM  -  One  kilobyte  of  random  access  memory  is  provided  hv 

IC303  and  304.  The  RAM  is  controlled  by  the  control  bus  and  the  address  lines, 
select  the  particular  memory  location  as  required  by  the  software  during  pro¬ 
gram  operation.  The  data  bus  accepts  data  from  or  data  to  the  RAM  as  required 
by  the  software  during  program  operation. 

9.  Data  and  Control  Bus  External  Test  -  The  data  and  Control  busses 
are  available  on  TO  socket  X324  for  external  testing. 

10.  Address  Bus  External  Test  -  The  address  bus  is  available  on 
connector  X32  3  for  external  testing. 

11.  RS232  Converter  -  This  unit  consists  of  1C309  and  converts  the 
microcomputer  TTL  level  outputs  to  RS232  outputs.  The  outputs  consist  of  the 
output  to  the  printer,  an  output  monitor,  and  an  auxiliary  output. 

3.3.2  I’rogram  Card  (OSU  Drawing  D95GE04) 

The  Program  Card  (figure  20)  has  sockets  for  8  kilobytes  of  EPROM  memory 
( 1C  >0 1-308)  but  only  7  kilobytes  are  required  for  storing  the  Tradat  V  soft¬ 
ware.  The  only  other  circuit  on  the  Program  Card  is  the  memory  select  circuit 
which  consists  of  IC309.  The  memory  select  circuit  uses  address  lines  10 
through  12  and  the  R7  control  line  to  select  eacli  1  kilobyte  of  EPROM  as  re¬ 
quired  by  tile  software  during  program  operation.  The  address  lines  to  each 
EPROM  select  the  particular  memory  location  required  by  the  software  during 
program  operation. 

3.4  Physical  Description 

The  Tradat  V  microcomputer  is  included  in  the  5'i"  high  rack-mount  Tradat 
V  console. 

3 .4.1  Chass i s 

Tile  microcomputer  part  of  the  Tradat  V  chassis  (Figure  8)  consists  of  the 

Microcomputer  Card  and  the  Program  Card.  The  Microcomputer  Card  is  a  double 

width  (9")  wire-wrap  plug-in  card  and  the  Program  Card  is  a  single  width  (4.5") 
wire-wrap  plug-in  card.  Botii  cards  plug  into  the  Tradat  V  card  cage. 

1.4.2  Front  Pane  1 

The  microcomputer  part  of  the  Tradat  V  front  panel  is  clearly  marked  as  a 

I unc t  ional  section,  as  can  he  seen  in  Figure  9.  The  pushbutton  switches  are  all 

indicator  t vpes  with  green  indications  except  for  those  otherwise  noted, 
microcomputer  IronL  panel  switches  and  sockets  are  as  listed  below: 
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The 


1.  Coordinate  thumbwheel 

digiswitches  (9  switches) 


2.  "SET"  momentary  pushbutton 

switch . 

3.  "STOP"  (red)  pushbutton 

swi tch . 


For  entering  the  latitude,  longitude,  and 
altitude  of  the  data  origin  sites 
(tracker  site,  site  1,  or  site  2).  The 
left  digiswiteh  defines  the  coordinate, 
the  next  digiswiteh  defines  the  sign, 
and  the  remaining  digiswitches  enter  tin 
numerical  value. 

For  setting  (entering)  the  coordinate  dis¬ 
played  on  the  digiswitches  into  the  micro¬ 
computer  memory  (must  be  in  "STOP"  mode). 

Stops  the  output  and  allows  coordinate  uata 
to  be  "SET".  Interlocks  with  "DATA  'JdiClN 
(RIJN)"  pushbuttons. 


4.  "DATA  ORIGIN  (RUN)"  inter¬ 
locking  switches  (3  switches)  Selects  the  site  from  which  the  tra jet  tors 

data  will  be  referenced  (tracker  site, 
site  1,  or  site  2).  Also,  puts  micro¬ 
computer  in  the  "RUN"  mode  b\  inter¬ 
locking  with  the  "STOP"  switch. 


5.  "PRINTER"  control  switches 
a.  Print  Format 

"CR/N/E"  -  "EAT/LONG" 


b.  Print  Rate 

" 1 /sec-6 /min- 1 /min" 

c.  "DATA  SOURCE" 

"T.NT"  (Grn)  -  "EXT"  (Yel) 


6.  "INPUT"  BNC  Socket 


7.  "OUTPUT"  BNC  Socket 


litterlocking  pushbutton  switches  to  insert 
either  the  ground  range.  North,  and  East 
distances  to  Liio  vehicle  or  the  vehicle 
latitude  fv  longitude  into  a  line  of  out¬ 
put  to  the  printer. 

Interlocking  pushbutton  switches  c < >  select 
a  print  rate  of  1/sec,  6/min,  or  1/min. 

Interlocking  pushbutton  switches  to  iidea 
the  raw  trajectory  data  to  the  micro¬ 
computer  input  from  either  the  Trajectory 
Data  Coder  Card  in  the  internal  mode,  or 
an  external  source  tsuch  as  a  tape  re¬ 
corder  plavback)  in  the  external  mode. 

The  microcomputer  input  for  raw  trajectory 
data  from  an  external  source,  such  as  a 
tape  recorder  playback  when  i  n  the-  "EXT" 
mode.  This  input  is  res istance- i so  1 ated 
and  parallel  to  the  rear  panel  input  . 

The  microcomputer  RS2  32  output  lor  monitor¬ 
ing  or  printing.  This  is  isolated  and 
parallel  to  the  rear  panel. 


3.4.3  Rear  Pane  L 

The  microcomputer  part  of  the  Triclat  V  rear  panel  consists  of  only  three 
BNC  connectors  as  listed  below: 
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" INPUT"  BNC  Jack 


The  microcomputer  input  for  raw  trajectory 
data  from  an  external  source  such  as  a 
tape  recorder  playback  when  in  the  "EXT" 
mode.  This  input  is  resistance-isolated 
and  parallel  to  the  front  panel  input. 

"BI-0  OUTPUT"  BNC  Jack  An  auxiliary  microcomputer  output. 

"OUTPUT"  BNC  Jack  The  microcomputer  RS232  output  to  the 

printer.  This  is  isolated  and  parallel 
to  the  front  panel  output. 


ib 


4.0  TRAD  AT  V  SYSTEM  SET-UP  AND  OPERATION 

4  .  1  Instal  lilt  ion 

The  Tradat  V  system  should  be  installed  adjacent  to  the  controls  for  the 
tracker  used  in  conjunction  with  Tradat  V.  The  cabling  should  be  done  ac¬ 
cording  to  the  cabling  diagram  in  Figure  21.  The  inul t i conductor  cables  arc 
labelled  and  all  single  line  cables  are  KG- 38  cables  with  BNC.  plugs  except  for 
the  transmitter  RF  output  cable  which  is  a  super! lexih !e  heliax  cable  with 
type  "N"  plugs.  The  video  input  should  be'  from  one  receiver  only  and  not  t  nun 
a  selectable  polarization  diversity  system. 

The  mounting  arm  should  be  bolted  to  the  tracker  and  the  helical  trans¬ 
mitting  antenna  should  be  mounted  to  the  mounting  arm.  An  RG-8  cable  should  Si 
used  to  connect  the  transmitting  antenna  to  the  tracking,  pedestal. 

Install  fan-fold  paper  In  the  printer.  Verify  that  the  printer  ribbon  i? 
Instill  led  properly. 

4.2  Preliminary  Testing 

After  installation  the  Tradat  V  system  can  be  tested  in  a  "closed  loop" 
fashion.  The  set-up  procedure  for  testing  the  ranging  part  of  the  Tradat  V 
console  is  as  follows: 

1.  Turn  oft  RF  receiver  used  with  Tradat  V. 

2.  Turn  on  Tradat  V  console  and  allow  a  10  minute  warm  up. 

3.  Cable  range  "CODE  OUTPUT"  to  Range  Decoder  "CODE  INPUT"  on 
tne  front  panel. 

4.  Select  VIDEO"  position  for  Range  Decoder  Input  Source  push¬ 
button  switch. 

5.  Turn  on  and  start  the  time  code  generator. 

The  time  code  generator  must  he  running,  for  the  ranging  output  and  trajectorv 
data  coder  to  operate.  The  range  on  the  front  panel  displ.iv  should  b<  stable 
and  change  as  different  offset  adjust  pushbuttons  are  selected.  It  this  i s  tin 
case,  the  Tradat  V  console  ranging  system  is  operating,  sat  i  s  I  actor  i  1  v  . 

The  trajectory  data  coder  and  microcomputer  can  also  he  tested  using  t  lu 
following  procedure: 

1.  Set  up  microcomputer  described  in  section  4.3. 

2.  Select  "STOP"  mode. 


3.  Select  "I NT"  data  source  mode. 


4.  St-  leer  "t'R/N/E"  print  format  modi-. 

5.  So  loot  "1/sec"  print  rate. 


6.  Turn  on  printer. 

7.  Push  "HEAP  INC."  pushbutton. 

8.  Verify  a  proper  heading  printout. 

9.  Verify  that  Lin-  coordinate  part  of  the  heading  printout  is 

accurate . 

10.  Select  "TRACKER"  DATA  UR  10 IN  (RUN)  mode. 

11.  Verify  that  a  printout  occurs  once  per  second  and  that  each 
printed  item  is  correct. 

12.  Select  "LAT/LONG"  print  format  mode. 

18.  Ve  r  i  t  y  that  1  at  tt  tide  and  1  on  g i t  ude  a  re-  now  printed  out. 

14.  Push  "COORD"  pushbutton  and  verifv  that  the  proper  coordinates 
are  printed. 

15.  Select  "6/MIN"  print  rate  and  verify  proper  print  rate. 

16 .  Select  "1/MIN"  print  rate  and  verify  proper  print  rate. 

17.  When  preliminary  testing  is  completed,  remove-  the  cable  between 
the  range  "CODE  UUTPUf"  and  the  range  decoder  "CODE  INPUT". 

18.  Turn  RE  receiver  back  on  as  requited. 

19.  Verify  that  the  "TRAJ  DATA"  output  from  the  rear  panel  is  being 
recorded  properly  through  the  station  multiplex  or  directly  on  magnetic  tape, 
whichever  method  is  used.  A  channel  16  or  higher  SCO  should  be  used  if  the 
trajectory  data  is  multiplex  recorded. 

Verify  proper  operation  of  the  ranging  transmitter  by  turning  it  on  and 
verifying  that  the  low  power  level  reads  2  watts  and  the  high  power  level  reads 
50  watts  and  that  the.  modulation  is  set  at  +  150  KHz. 

The  time  code  generator/translator  must  be  set  on  the  exact  Universal  Time 
if  used  in  the  generate  mode  and  must  be  locked  onto  the  proper  range  time  code 
if  used  in  the  translate  mode.  Use  the  time  code  generat or/t runs lat or  manual 
for  initializing,  the  time. 

4.3  Mit rocomputer  Initialization 

The  microcomputer  must  be  initialized  for  every  vehicle  launch  by  entering 
the  coordinates  of  the  tracker  site  into  the  microcomputer.  If  the  trajectory 
data  is  desired  referenced  to  anv  other  site  such  as  a  rocket  launcher  or 
another  tracking  site,  the  coordinates  of  up  to  two  other  sites  (site  1  and 
site  2)  must  he  entered  into  the  in i e rocumpu t e r .  These  eoord i nates  are  entered 
into  the  microcomputer  as  follows: 
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1.  Sc.' Lee l  "STOP"  mode. 

2.  Select  "TALT"  (tracker  altitude)  on  the  left  thumbwheel  digi- 

sw i teh . 

3.  Dial  in  the  tracker  altitude  in  Km  on  the  remaining  digiswi tches 
using  the  correct  sign  (plus  is  altitude  above  sea  level). 

4.  Push  "SET"  pushbutton  to  enter  the  tracker  altitude. 

3.  Select  "TLAT"  (tracker  latitude)  on  the  left  thumbwheel  digi- 

swi tch - 

6.  Dial  in  the  tracker  latitude  in  degrees  on  the  remaining  digi- 
switches  using  the  correct  sign  (plus  is  latitude  in  the  northern  hemisphere). 

7.  Push  "SET"  pushbutton  to  enter  the  tracker  latitude. 

8.  Select  "TLONG"  (tracker  longitude)  on  the  left  thumbwheel  digi- 

sw i t  eh . 

9.  Dial  in  the  tracker  longitude  in  degrees  on  the  remaining  digi- 
switches  using  the  correct  sign  (plus  is  west  longitude). 

LO.  Push  "SET"  pushbutton  to  enter  the  tracker  longitude. 

11.  Repeat  steps  2  through  10  if  required  for  site  1  coordinates  and 
site  2  coordinates.  if  the  vehicle  is  launched  from  a  known  launch  site  such 
as  a  rocket  from  a  rocket  launcher,  site  1  should  be  used  on  the  data  origin 
for  these  coordinates  so  the  distance  and  azimuth  angle  to  the  launcher  can  be 
computed  and  printed  out  with  the  heading  for  range  initialization  use. 

12.  Turn  on  printer. 

13.  Push  "HEADING"  pushbutton  and  verify  that  the  coordinates  were 
entered  correctly. 

If  power  is  lost  or  if  the  Tradat  V  console  is  ever  turned  off,  the  coordinates 
must  he  re-entered.  If  no  coordinates  are  entered,  the  data  origin  is  assumed 
to  be  zero  degrees  latitude  and  Longitude  and  zero  Km  altitude. 

4.4  Airborne  System 

\n  EM/EM  airborne  ranging  system  is  configured  as  shown  in  Figure  22.  If 
the  ranging  receiver  output  in  AC  coupled,  the  subcarrier  oscillator  (SCO)  should 
he  set-up  for  p 1  us  and  minus  2  .  _>v  operation.  II  the  receiver  output  is  DC 
coupled,  the  SCO  should  be  set-up  for  zero  to  r>v  ope  rat  ion.  The  receiver  out¬ 
put  should  he  set  so  that  its  output  remains  within  iho  ’> v  limitation  with 
ranging  output  or  with  noise  on  the  output  .  1 l  tin  receiver  remains  within  the 

)v  limitation,  squelch  on  the  ranging,  receive!  is  not  necessary.  If  the 
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Figure  22.  Airborne  Ranging  System 


receiver  output  exceeds  the  5v  limitation,  the  ranging  SCO  will  he  driven  out 
(if  hand  and  a!  feet  adjacent  data  SCO's. 

A  PCM  airborne  ranging  system  is  configured  as  also  shown  in  Figure  22. 

The  output  of  the  ranging  receiver  is  filtered  before  being  mixed  with  the  PCM 
data  stream.  If  the  noise  output  of  the  receiver  is  at  or  below  that  of  the 
data  level,  squelch  is  not  necessary  on  the  ranging  receiver.  The  receiver  out¬ 
put  is  adjusted  to  occupy  approximately  20.1  of  the  bandwidth  when  mixed  with  the 
PCM  data  code.  The  Biphase-Level  PCM  data  code  can  be  less  than  200  KBPS  but 
with  increasingly  more  affect  on  the  ranging  accuracy.  For  using  Tradat  V  with 
low  bit  rate  PCM  data  systems,  the  PCM  data  code  can  be  used  to  modulate  a 
high  frequency  SCO  and  the  ranging  system  can  be  used  in  the  FM/FM  mode. 

4  .  r)  Range  Initialization 

The  Tradat  V  system  was  designed  to  be  used  with  different  telemetry  sys¬ 
tems.  This  necessitated  the  need  to  adjust  or  initialize  the  range  for  use  with 
each  particular  telemetry  system.  The  Tradat  V  svstem  should  be  initialized  as 
foil ows : 

1.  Complete  the  procedures  listed  in  sections  4.1  -  4.4. 

2.  Operate  airborne  system  a  known  distance  away. 

13.  Turn  on  the  Tradat  V  system  and  time  code  generator  and  allow 
a  10  minute  warm-up. 

4.  Turn  on  the  ranging  transmitter. 

3.  Acquire  and  autotrack  the  vehicle  with  the  tracker. 

6.  Select  the  proper  RANGE  decoder  inp  .  source .  ("DISC"  for 
FM/FM  systems,  "VIDEO"  tor  PCM  systems.) 

7.  Adjust  tiie  selected  input  source  level  to  between  .  3v  and  lOv 
peak  to  peak.  (The  discriminator  output  should  be  adjusted  when  using  FM/FM 
Lelemetrv  systems,  and  the  RF  receiver  video  level  should  he  adjusted  when  using 
PCM  telemetry  systems.) 

8.  Use  tiie  "OFFSET  ADJFST"  pushbutton  switches  to  change  the  range 
readout  until  it  is  within  .IS  Km  of  the  distance  in  Km  I  run  the  tracker  to 
the  vehicle.  This  distance  is  the  printed  value  on  the  healing  if  the  vehicle 
is  located  at  Site  1.  I'sc  the  "FINE"  adjust  to  make  tin-  range  readout  equal 
the  distance.  Alter  the  range  lias  been  initialized,  no  changes  should  he  made 
in  anv  ol  tiie  telemetry  svstem  adjustments  such  as  IF  filter,  video  level,  video 


9.  The  "FINE"  adjust  can  he  used  to  make  any  last  minute  adjustment 
just  prior  to  launch. 

4.6  Operation 

No  adjustments  are  required  on  the  Tradat  V  system  during  operation,  but 
the  following  steps  should  be  followed  just  prior  to  vehicle  launch: 

1.  Verify  that  the  procedures  in  sections  4.1  -  4.5  have  been  com¬ 


pleted  . 


Verify  that  the  time  code  generator  is  locked  to  the  proper 


3.  Turn  on  Tradat  V  system  including  the  ranging  transmitter  and 
allow  a  10  minute  warm-up. 

4.  Select  the  microcomputer  "STOP"  mode. 

5.  Select  the  "INT"  trajectory  data  source  mode. 

6.  Verify  that  enough  fan-fold  paper  is  loaded  into  the  printer. 

7.  Set  the  top  of  form  printer  adjustment  by  feeding  the  oapor  un¬ 
til  it  is  1  spaces  beyond  the  fanfold  crease  and  depressing  the  "TOP  01  POKM 
SET"  (TOE).  This  causes  tiie  printer  to  automat  leal lv  skip  over  the  creases . 

8.  Push  the  "HEADING”  pushbutton  to  print  the  heading. 

9.  Select  the  print  format  desired  ("GR/N/E"  or  "LAT/1 ONG") . 

L0.  Select  the  print  rate  desired  ("1/SEC",  "6/MIN",  or  "1/M1N"). 

11.  Approximately  30  seconds  before  launch  select  the  DATA  ORIGIN 
(RUN)  pushbutton  desired  (Tracker,  Site  1,  or  Site  2).  The  trajectorv  data 
will  now  automatically  be  printed  throughout  the  flight. 


3 . 0  COMMAND  TlIKOPOll  RANGING  OPTION 


The  f  radat  V  trajectory  system  can  be  used  to  provide  commands  to  an  air¬ 
borne  vehicle  while  simultaneously  providing  ranging  data.  The  command  cap¬ 
ability  can  be  added  to  T radat  by  simply  cabling  in  the  optional  command  con¬ 
sole.  Only  one  mu  1 1 : conductor  cable  and  two  RG-58  cables  are  required.  Figures 
23  and  24  are  the  front  and  rear  views  of  the  3V'  rack  height  command  console. 

The  system  is  very  flexible  and  can  easily  be  modified  to  suit  differing 
command  requirements.  The  basic  version  consists  of  32  independent,  secure, 
one-bit  commands.  Any  number  of  commands  can  be  given  simultaneously  and 
every  command  is  secure  against  being  triggered  by  a  noisy  command  RK  link. 

The  PCM  uplink  command/ ranging  code  consists  of  four  sixteen-bit  minor 
frames  of  which  the  ii.rst  eight  bits  are  reserved  for  the  frame  sync.  The 
last  8  bits  of  the  four  subframes  provide  the  32  bit  command  capability.  The 
airborne  command  decoder  prevents  a  noisy  signal  from  generating  a  false  command 
by  requiring  the  perfect  reception  of  16  minor  frames  before  the  command  output 
is  enabled.  A  unique  feature  of  the  airborne  command  system  is  that  the  PCM 
downlink  command/ ranging  code  is  reconstructed  such  that  the  command  bits  are 
replaced  by  command  confirmation  bits.  The  command  confirmation  code  verifies 
that  the  airborne  command  system  actually  received  and  gave  any  particular  com¬ 
mand  to  the  airborne  unit  that  was  to  receive  the  command.  The  command  con¬ 
tinuation  system  could  be  modified  to  indicate  that  the  commanded  unit  was 
actuated.  In  other  words,  the  return  command/ranging  rode  can  he  used  as  an 
independent  telemetry  data  code.  The  I.F.b  indicate!  ,  above  the  command  switches 
on  the  command  console  are  the  command  confi rmnt  i«-n  in,'  caters.  These  1  i  ghts 
confirm  that  the  command  was  actually  received  not  that  it  was  just  transmitted. 
The  I, 111)  indicator  in  the  center  of  the  panel  indicates  a  loss  of  lock  on  the 
received  Pl'.M  command  confirmation  code.  l.-.e  ot  tin-  conmi.iiul  con  I  i  mat  ion  while 
ranging  will  cause  small  shifts  in  the  i  aiige  when  commands  .no  givon.  These 
sli  i  1  t  s  in  range  are  normally  well  within  .<)>  Km.  The  si-  rang*.  -hilts  are 
minimized  bv  blanking  the  command  portion  ol  the  code  helore  it  (.ultra  tin- 
I  rail, 1 1  V  conso  1  e  . 

lilt-  system  can  be  modi  lied  to  provide  more  than  command-  bv  increasing 
the  number  ol  subframes.  Kacli  additional  subtiame  would  provide  8  additional 
commands . 

There  are  several  tru  thuds  ol  providing  even  greater  seettr  i  t  v  against  giving 
I  i  Ise  commands.  One  h i t  could  he  used  to  initialize  a  command  and  another  bit 
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Figure  23.  Command  Console  Front  Panel 


Figure  24.  Command  Console  Rear  Panel 


could  be  used  to  actuate  the  command.  Another  method  would  be  to  use  several 
bits  In  a  pattern  to  activate  a  command. 

Commands  may  he  given  from  the  front  panel  using  the  toggle  switches 
(Figure  23)  or  they  may  be  given  from  a  remote  command  device  connected  to  the 
command  console  rear  panel  (Figure  24).  Each  block  of  eight  commands  can  be 
enabled  or  disabled  with  a  locking  type  toggle  switch.  An  LED  display  illuminates 
to  indicate  that  a  particular  command  block  is  enabled. 

The  command  console  can  be  operated  as  a  stand  alone  system  without  the 
Tradat  V  console  if  ranging  is  not  required.  Of  course,  the  uplink  transmitter 
is  still  required.  A  rear  panel  toggle  switch  is  used  to  select  whether  the 
command  system  is  used  with  or  without  Tradat  V. 

5.1  Command  Console 

The  command  console  is  a  3%"  high  rack  mount  unit.  It  consists  of  the 
command  coder  and  the  command  confirmation  decoder. 

5.1.1  Command  Code  r 

The  command  coder  (Figure  25)  consists  of  four  8-bit  parallel  to  serial 
shift  registers.  These  shift  registers  receive  their  bit  clock  and  parallel 
enter  pulses  (minor  frame  sync)  from  Tradat  V.  The  bit  clock  and  parallel 
eater  pulses  are  available  at  buffered  outputs  for  any  remote  command  device. 

The  parallel  data  to  these  shift  registers  consists  of  the  data  selected  by  the 
front  panel  command  switches.  The  output  of  each  shift  register  and  the  output 
from  each  remote  command  device  are  "OR"  gated  to  a  multiplexer  which  receives 
its  multiplex  control  from  the  ranging  coder  in  Tradat.  The  multiplexed  command 
output  is  buffered  and  fed  to  the  ranging  code  in  Tradat  to  make  up  the  last 
8-bits  of  each  minor  frame. 

The  command  console  has  a  built  in  ranging  code  generator  and  sync  detector 
similar  to  the  one  in  the  Tradat  console.  It  is  used  in  place  of  the  Tradat 
system  when  the  rear  panel  toggle  switch  is  placed  in  the  "INT"  mode.  This 
allows  the  system  to  be  tested  independently  from  the  Tradat  system  by  cabling 
the  rear  panel  "Command  Video  Out"  to  the  "Confirm  Video  In".  This  also  allows 
the  command  system  to  be  used  operationally  without  the  Tradat  system.  The 
"Command  Video  Out"  is  used  to  modulate  the  uplink  command  transmitter  and  the 
received  confirmation  PCM  code  is  fed  to  the  "Confirm  Video  In". 
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5 .  1  .  2  Command  Confirmation  Decoder 

The  PCM  command/ranging  code  and  bit  clock  from  the  ranging  sync  detector 
in  Tradat  V  are  entered  into  the  command  confirmation  decoder  (Figure  26).  This 
is  the  code  that  has  been  reconstructed  in  the  airborne  decoder  to  provide  com¬ 
mand  confirmation  data.  The  code  is  clocked  into  four  eight-bit  shift  and  store 
bus  registers  by  the  bit  clock.  The  confirm  latch  control  from  the  ranging 
sync  detector  is  demultiplexed  and  the  demultiplexed  outputs  are  used  as  latches 
to  the  shift  register.  The  parallel  confirmation  outputs  from  the  shift  re¬ 
gisters  are  buffered  to  drive  the  front  panel  LED  confirmation  indicators. 

The  confirmation  data,  bit  clock,  and  demultiplexed  latches  are  available 
on  tin'  rear  pane!  connectors  to  the  remote  command  devices.  This  allows  command 
conf  i  rm.it  ion  indicators  to  operate  on  the  remote  command  devices. 

5 .  2  Ai  rborne  Command  Decoder 

The  airborne  command  decoder  (Figure  27)  provides  security  against  false 
commands,  decodes  command  data,  and  formats  the  command  confirmation  data  for 
t  rauMui  ion  to  the  ground  system.  A  typical  airborne  decoder  schematic  is  an 
"SI  drawing.  laOI’DOl,  This  particular  decoder  was  designed  to  decode  only  16 
command:. . 

Ihe  command  data  I rom  the  airborne  receiver  is  conditioned  by  1C306D.  The 
hit  clock  is  reproduced  using  1C306C  to  produce  positive  pulses  at  each  code 
transition  and  using,  these  pulses  to  drive  a  one-shot  clock  (1C308B).  The 
15  i  phase-1,  input  code  is  converted  to  NRZ-L  in  IC307A.  The  inverted  major  frame 
ol  tin'  conditioned  data  is  reinverted  by  IC307B  and  306 A  to  produce  all  non- 
i n ve r L ed  data.  The  PCM  frame  svnc  code  is  converted  to  parallel  form  by  1C310 
and  ill  and  ted  into  the  sync  detector.  The  minor  frame  sync  is  detected  by 
lt|)02,  51  ),  514,  and  316(1.  The  minor  frame  sync  is  input  to  the  minor  frame 

clock  and  I  lie  minoi  I  rami'  gale.  The  major  I  rami'  sync  is  detected  by 
using  the  minor  frame  sync  and  the  major  frame  indication  bit  in  1C309A,  31615, 
and  3161).  The  major  frame  sync  is  used  in  the  major  frame  inverter  on  the  in¬ 
put  and  output  sections  of  the  decoder. 

flie  NKZ-I,  command  data  is  delayed  64  hits  (one  major  frame)  in  1(1311  and 
lompared  with  the  next  64  hits  on  a  bit  by  hit  basis  in  1C  50615.  If  any  bit 
comparison  tails,  the  minor  frame  counter  (1C317)  is  reset  and  the  command  out¬ 
put  i  ■  disabled.  The  minor  t rame  counter  must  count  16  minor  frames  (256  bits) 
be  fori-  the  command  is  enabled.  The  minor  frame  sync  gate  is  disabled  wlun  16 
minor  I  r. lines  are  count  ed  so  that  the  counter  output  will  not  disable  the 
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command  output  after  the  next  16  minor  frames  are  counted. 

The  NRZ-L  command  data  is  clocked  into  a  serial  to  parallel  sliilt  register 
(IC318  and  324).  Each  block  of  8  command  bits  has  its  own  shift  register. 

Each  shift  register  must  have  an  enable  signal  from  the*  minor  frame  counter 
and  the  proper  signal  from  the  word  demultiplexer  (1C305A)  before  a  command 
will  be  present  on  the  output  of  the  shift  register.  The  word  demultiplexer 
receives  the  input  from  a  circuit  (IC315)  that  delays  the  minor  frame  sync  so 
that  data  has  enough  time  to  enter  the  serial-to-parallel  shift  register  be¬ 
fore  it  is  clocked  out.  The  delay  circuit  is  reset  by  the  minor  frame  counter 
so  that  the  clock,  pulses  are  available  to  the  word  demultiplexer 
only  between  the  eighth  and  sixteenth  minor  frame  counts.  An  RC  circuit  on 
each  command  output  of  the  shift  registers  holds  any  command  bit  for  about  one 
second  after  it  has  been  removed  to  prevent  any  momentary  command  dropouts 
caused  by  uplink  RF  noise  or  any  new  commands  that  would  momentarily  disable 
the  shift  register.  The  command  data  on  the  output  of  the  shift  register  is 
buffered  by  IC319,  320,  and  325  and  fed  into  high  voltage,  high  current 
drivers  (IC322,  323,  and  327).  Other  command  interface  techniques  may  be  used 
depending  on  the  particular  application. 

The  received  command  data  is  reformatted  by  replacing  the  uplink  command 
data  with  the  commands  that  are  on  the  command  decoder  output  buffers.  These 
reformatted  command  words  are  called  the  command  confirmation  data.  The 
parallel  command  data  from  the  buffers  is  clocked  into  the  paral 1 e 1 -to-seria.l 
converter  (IC321  and  326)  by  the  data  enter  clock  from  the  word  clock  (IC309B). 
The  word  clock  receives  its  input  from  the  bit  clock  shaper  (1C308A)  and  is  re¬ 
set  by  the  minor  frame  sync.  The  word  clock  counts  8  bits  and  is  reset  every 
16  bits  to  provide  an  8-bit  word  clock.  The  four  8-bit  command  words  are 
multiplexed  by  IC305B  which  receives  its  word  numbers  from  IC309A  in  the  sync 
detector.  The  confirmation  data  is  converted  to  a  Biphase-Level  code  in  1C- 
304B  and  inverted  every  other  major  frame  in  IC304A  to  reproduce  the  inverted 
input  data  format.  The  verification  data  is  gated  by  the  word  clock  in  TC303A 
and  combined  with  the  frame  sync  word  in  the  code  combiner  (1C304C).  The  com¬ 
mand  word  on  each  minor  frame  of  the  input  PCM  code  is  blanked  out  hv  the  frame 
sync  gate  (IC303A)  before  the  frame  svnc  word  is  combined  with  the  command 
confirmation  word. 

The  reconstructed  confirmation  PCM  code  is  filtered  in  a  5-pole  lowpnss 
premodu  lat ion  filter.  The  filtered  code  is  mixed  with  the  PCM  data  in  PCM 
telemetry  s  vs  terns  or  used  to  modulate  a  70  KHz  SCO  in  KM/ I'M  telemetry  systems. 
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h.O  RESULTS  AND  CONCLUSIONS 


The  Tradat  V  system  has  been  used  on  one  rocket  launcti  mission  (rocket 
number  A18.805)  at  White  Sands  Missile  Range ,  New  Mexico,  and  two  balloon  launch 
missions  (Project  BAMM) .  one  at  Holloman  AFB,  New  Mexico,  and  one  at  Keesler 
AFB,  Miss.  A  Tradat  V  prototype  system  was  used  with  several  rockets  during  the 
1979  Red  Lake,  Ontario,  Canada,  Solar  Eclipse  expedition.  Although  radar  data 
is  not  yet  available  for  exact  comparisons,  quick  look  comparisons  are  very 
tavorable  between  Tradat  V  and  radar  data.  NASA  Wallops  Flight  Center  has  or¬ 
dered  four  Tradat  V  svstems  and  have  tested  the  first  system  on  a  rocket  flight. 
Preliminary  results  show  favorable  comparisons  between  the  Tradat  V  and  radar 
data . 

The  advantages  of  the  Tradat  V  system  are  as  follows: 

1.  Relatively  small  and  lightweight. 

2.  Relatively  inexpensive. 

i.  Negates  the  need  for  radar  sets  at  remote  launch  sites. 

4.  Accurate  enough  for  most  applications  (+  .05  Km  RMS). 

5.  Easy  to  set  up  and  operate. 

6.  Provides  quick  look  microcomputer  trajectory  output  for 
vehicle  recovery,  preliminary  data  analysis,  and  vehicle  performance 
annlys is . 

7.  Can  be  used  to  make  trajectory  data  playbacks  at  the  launch  site 
for  use  by  interested  persons. 

8.  Easily  integrated  witli  existing  to  Ji. no  try  trackers  to  provide 

ranging. 

9.  Can  l>i'  used  with  command  option  to  provide  secure  commands  to 
airborne  systems. 

During  the  balloon  launch  missions  the  microcomputer  development  system 
was  used  in  addition  to  the  Tradat  V  microcomputer  to  provide  balloon  navigation 
data  and  instrument  target  data  These  computations  were  done  in  Basic 
Language.  The  navigation  printout  (Figure  28)  included  the  balloon  horizontal 
velocity  and  heading  and  ascent  rate,  in  addition  to  the  other  Tradat  position 
data.  Another  program  could  be  called  up  on  an  interrupt  basis  to  be  used  to 
compute  information  regarding  either  a  ground  target  or  aircraft  target  for  the 
balloon-borne  instrument.1:.  The  ground  target  program  involved  entering  antici¬ 
pated  target  data  so  that  tire  microcomputer  would  compute  the  anticipated 


GR  ( NM ) ;  2 . 96 

r ' F-:  ' ;  -m  >  =  "'.4 

GR  <  KM ) =  5.48 

M  c'M'-  1.7, 7 

H.  VEL. ( KTS ) =  .36 

H.  OFF.  (MF'iU 

MSL  ALT  ( E  T  )  =  27225.62 

B  LAT  =  30  DEG  25.11  MIN 

B 

EL.AZ.GR, TIME , FI . F2.  F37  +0 

'56. 55, +287. 75.  u 

TIME=  1:3:  30 

GR  ( NM ) =  2.96 

GR  <GM)-  3.4 

GR  ( KM ) =  5.48 

N  (KM);  1.67 

A.' .  R  A  i'E  <k  :v" 
FONG--  88  DEG 


AZ  (MEG) 

E  'KM' 

■  -G  -  :  t 

'-"4. 

58.64  MIN 


87. 


H. VEL. ( KTS ) =  0 

MSL  ALT  ( FT )  =  27225.62 

B  LAT  =  30  DEG  25.11  MIN 


DATA  SOURCE :  GGL1 
AZ  <  OH » )  =  287.75 
H  (KM)  ■=  5.22 
H . VEL. ( MPH ) -  0  HEADING  =  0 

AEG. RATI  ( ET /MIN) -  - . 01 
P  1  •  ING=  88  DIG  -‘.ft.  64  MIN 


EL  #  AZ  »  SR  ,  T I  ME ,  El  #  I  2.  F  3?  .  0 56.  55.  4-287  .  ■'  6 »  +  *.<0 9 .94.01,03,40,  1  ,  0 .  0 

GROUND  OR  AIRCRAFT7 7  AIRCRAFT 

PREDICTED  TARGET  TIME  <HH.MM.GS>7  10.10.40 

TARGET  AZ7  235 

TARGET  EL7  13 

TARGET  ALTITUDE  (FT)7  0 


PRED.  TIME-  10  !  10  :  40 
PRFD.  NURTH  ( KM )  *  1.67  FRED. 

PRED.  GR  <NM)=  2.96  PRED. 

PRED.  MSL  ALT.  ( FT ) =  27220.15 
PRED.  LAT=  30  DEG  25.11  MIN 
LuNG=  88  DEG  25.11  MIN 
PRED.  AIRCRAFT  LAT*  30  DEC,  25.11 
LONG*  88  UEG  58.73-! 


EAST  i KM)-  1.67 
GR  (CM)-  3.4 


MIN 
MI  N 


DATA  SOURCE : OSU 
PRI  D.  AZ  -  287. 7  3 


EL. AZ.SR. TIME.F1.F2.  F3?  +056. 55, +2B7. 7  5.  I  009. 94. 01 , 


TIME  =  1  s  4  :  20 

GR  ( NM  )  =  2.95 

GR  CKM>  =  5.47 

H. VEL. (KTS) =  .21 

MSL  ALT  (FT)=  27198.24 

B  LAT-  30  DEG  25.11  MIN 


GR  ( SM ) =  3.4 
N  ( KM ) =  1.67 
H.VEF  ' MPH i 


DATA  OOURLEi  U'iU 
AZ  (DEO-  287.75 
E  (KM)  ■■■5.21 
HE  All  INC-  .  i  ‘  •  7  .  7 


A "C. RATE  <  ET/MIN i = 

El  I  r.NG-  B8  DEC,  58.63  MIN 


EL.  AZ.SR.  TIME.  FI.  T2.K3?  +056.  55.  +007  /«•  . ..  .9. 94 . 01 . 04 , 30 . 1 . 0  0 

GROUND  OR  AIRCRAFT-’7  GROUND 

PPE  DILI  ED  iARi.tr  TIME  UIH.MM.SS)7  1.0,  10. 

TARGET  LAT I TUDE  ( DD . MM , SS ) 7  30 .  30 ,  O 
TAR', El  LUNG  U  i  IDE  (  DUD.  MM.  SS)  7  88,  -V' ,  ■' 

TARGE!  ALT  II UUt  (FT)7  100 

PRED.  TIME*  10  :  10  :  30  --.A 

PRID.  NORTH  (KM);  .57  PRED.  EAST 

PRED.  GR  i  NM  >  •=  l,i.il  I  RED.  GR  (’>!•'  1.1.,  PRI  8.  AZ 

PRED.  MSL  ALT  .  (FT);  926-6.  (-6 

PRFD.  l.AT-  3 ■,  DEG  24.52  M IN 
LONG1  88  t'l  C-  24.52  MIN 

TARGET  AZ  <!••)'■'■  13.61  TARGl  i  Ul.  <UE.G)  •  3.  .  8 


Figure  28.  Balloon  Navigation  Data 
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balloon  position  and  instrument  pointing  angle.  The  aircraft  target  program 
involved  entering  the  anticipated  aircraft  altitude,  instrument  data  taking 
time,  and  instrument  pointing  angles  and  the  microcomputer  would  compute  the 
latitude  and  longitude  that  the  aircraft  had  to  fly  through  at  the  data  taking 
t  ime . 

Another  Basic  Language  program  was  developed  on  the  microcomputer  develop¬ 
ment  system  to  compute  North  Star  position  data  for  use  in  setting  up  the 
tracker. 

Future  work  on  the  Tradat  V  system  could  consist  of: 

1.  Adding  a  smoothing  algorithm  in  the  microcomputer  software. 

2.  Developing  an  add-on  microcomputer  for  calculating  wind  velocities 
and/or  meteorological  data  by  tracking  and  ranging  on  a  balloon-sonde  or  rocket 
sonde . 

1.  Modifying  the  software  to  compute  other  parameters  such  as  the 
navigation  program  described  previously. 

The  small  size  and  programmability  of  dedicated  (special  purpose)  micro¬ 
computers  make  them  ideally  suited  for  sounding  rocket  and  balloon  mission 
support,  since  these  missions  are  very  diverse  and  are  undertaken  at  launch 
sites  all  over  t he  world.  Microcomputers  are  very  versatile  and  can  perform 
a  broad  spectrum  of  tasks  from  dedicated  control  to  data  processing  and  can  be 
used  in  place  of  many  types  of  equipment  from  hard-wired  digital  logic  to  large 
computers.  Microcomputers  may  be  used  to  replace  hard-wired  digital  logic  in 
airborne  PCM  coders  and  ground  station  PCM  decoders.  They  may  also  be  used  to 
replace  computers  in  such  applications  as  the  Tradat  V  trajectory  data  system 
and  real  time  conversion  of  telemetry  data  into  engineering  units.  The  ability 
of  microcomputers  to  control  various  telemetry  data  display  devices  makes  them 
useful  in  making  quick  prelaunch  instrument  readiness  decisions.  Proper  imple¬ 
mentation  of  microcomputers  will  allow  the  use  of  increasingly  more  complex 
instruments  in  sounding  rockets  and  balloon  missions. 
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